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The  learning  activities  and  subject-matter  which  comprise 
the  course  of  study  presented  in  this  book  are  the  outgrowth 
of  eight  years  of  experimentation  on  the  selection  and  or- 
ganization of  biology  for  ninth-  and  tenth-grade  pupils. 
The  original  units  and  the  content  within  the  units  have 
been  modified,  revised,  and  recast  several  times  in  the  light 
of  pupils’  reactions  and  successes  and  in  the  light  of  the 
criticisms  of  many  teachers  of  biological  science. 

Guiding  Principles  Underlying  the  Course 

The  guiding  principles  underlying  the  construction  of  the 
course  may  be  summarized  in  a few  major  postulates: 

(1)  Biology  is  more  than  information  and  knowledge  con- 
cerning living  things;  it  comprises  also  methods  of  scientific 
thinking  about  and  scientific  attitudes  toward  ourselves  and 
our  living  environment. 

(2)  Life,  or  living,  is  primarily  a series  of  functions  and  ac- 
tivities more  or  less  common  to  all  living  things.  These 
activities  result  in  adjustments.  The  course  in  biology,  then, 
should  be  a study  of  any  or  all  living  things,  leading  to  an 
understanding  of  the  important  functions,  activities,  and 
adjustments  of  organisms. 

(3)  The  course  in  biology  shall  consist  of  a series  of  problems 
involving  learning  activities,  properly  motivated  and  directed 
by  the  teacher  and  carried  out  by  the  pupil  in  such  manner 
that  the  pupil  is  led  to  the  understanding  of  significant  biologi- 
cal ideas,  to  the  acquisition  of  the  elements  of  scientific 
methods  of  thinking,  and  to  the  attainment  of  desirable 
attitudes  toward  life  in  its  varied  manifestations  and  sig- 
nificances. 

(4)  The  learning  activities  of  pupils  in  biology  shall  include 
a wide  variety  of  those  kinds  of  mental  and  physical  activities 
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which  are  recognized  as  elements  of  scientific  methods  of 
thought  and  which  make  use  of  various  sources  of  data  as  a 
basis  for  the  solution  of  worthwhile  problems. 

(5)  Biology  aims  to  improve  human  behaviors  in  and  ad- 
justments to  the  living  and  physical  environment;  it  is 
essential,  therefore,  that  the  pupil  study  both  himself  and  his 
environment  to  the  end  that  his  behaviors  be  conscious, 
meaningful,  and  fruitful. 

Major  Objectives  of  the  Course 

The  postulates  and  the  experimental  conclusions  upon  which 
this  course  is  formulated  imply  certain  major  objectives  which 
the  teacher  should  bear  in  mind  and  set  up  as  conscious  goals 
for  pupil  attainment: 

(1)  To  become  acquainted  with  many  living  things:  their 
characteristics,  habitats,  and  activities. 

(2)  To  acquire  that  information  and  knowledge  concerning 
living  things  and  one’s  self  which  satisfy  the  curiosity  of 
youth  and  which  may  be  of  greatest  practical  and  cultural 
value  in  life  situations. 

(3)  To  understand  those  significant,  elementary  concepts 
of  biological  science  which  provide  the  means  for  the  interpre- 
tation of  everyday  biological  observations,  thoughts,  exper- 
iences, and  conclusions. 

(4)  To  acquire,  through  the  solution  of  real  problems,  under- 
standing of  and  practice  in  those  study  skills  and  elements  of 
scientific  thinking  which  are  significant  in  the  field  of  science, 
to  the  end  that  these  skills  and  methods  of  thinking  shall 
function  in  the  solution  of  similar  problems  in  the  everyday 
life  of  the  individual. 

(5)  To  develop  toward  the  biological  aspects  of  the  environ- 
ment and  toward  one’s  self  those  desirable  attitudes  which 
come  through  a clear  understanding  of  biological  concepts 
and  through  proper  methods  of  study.  These  attitudes  in- 
clude, among  others : 

(a)  Belief  in  cause  and  effect  relationships  in  life  functions. 
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(b)  Respect  for  life  and  predisposition  to  protect  and  con- 
serve life. 

(c)  Respect  for  the  work  and  advice  of  experts  in  the  field 
of  biological  science,  pure  and  applied. 

(d)  An  appreciation  of  the  significance  of  biological  science 
in  modern  social  and  industrial  life. 

( e ) A feeling  of  being  a part  of  the  great  stream  of  life  and 
a desire  to  contribute  to  the  betterment  of  life  in  all  of  its 
forms. 

(6)  To  acquire  an  abiding  interest  in  living  things,  which 
manifests  itself  in  a variety  of  voluntary  activities  extending 
beyond  the  course  in  biology,  such  as  reading  biological  litera- 
ture, growing  and  caring  for  plants  and  animals,  taking  ex- 
cursions to  field,  stream,  park,  and  woods,  and  collecting 
biological  specimens. 

(7)  To  gain  a perspective  of  the  nature  and  scope  of  biolog- 
ical science,  thereby  revealing  possible  avocational  and  vo- 
cational fields  and  exploring  the  pupil’s  interests,  abilities,  and 
aptitudes  for  the  further  study  in  this  or  related  fields. 

(8)  To  perform  those  desirable  mental  and  practical  adjust- 
ments to  the  environment  which  are  made  possible  through 
the  attainment  of  the  previously  stated  objectives. 

Criteria  for  Selection  of  Content 

The  functional  objectives  which  have  been  set  for  this 
course  make  imperative  certain  criteria  for  the  selection  of  the 
content  and  activities: 

(1)  The  materials  and  activities  must  be  closely  related  to 
the  natural  interests  of  the  pupils. 

(2)  The  content  must  lend  itself  to  scientific  problem  solv- 
ing, to  the  interpretation  of  cause  and  effect  relationships,  to 
the  formulation  and  testing  of  hypotheses  on  the  basis  of  avail- 
able data,  to  the  development  of  generalizations,  and  to  the 
application  of  generalizations  in  the  explanation  of  novel 
problem  situations. 

(3)  The  understandings,  skills,  methods  of  thinking,  and 
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attitudes  sought  as  goals  must  be  of  everyday  significance  and 
value  to  the  individual  and  to  society. 

(4)  The  degree  of  difficulty  of  the  activities  required  of 
pupils  must  be  such  that  the  pupils  can,  through  careful, 
directed  study,  accomplish  results  and  be  motivated  toward 
higher  attainments  by  the  satisfaction  which  comes  with  ac- 
complishment through  reasonable  effort. 

(5)  The  activities  must  be  definite  enough  to  allow  the 
possibility  of  measuring  the  success  of  their  completion. 

The  constant  re-selection  and  revision  of  the  materials  and 
activities  during  the  years  of  experimentation  have  led  to  the 
present  course  of  study. 

Principles  of  Organization 

The  principles  of  organization  which  have  governed  the 
authors  in  constructing  the  course  of  study  are  those  which 
have  come  to  be  recognized  as  valid  by  leaders  in  the  field  of 
science  education  and  which  have  proved  their  worth  during 
the  experimental  stage  of  this  course.  The  more  important 
principles  are  here  stated : 

(1)  The  course  in  biology  shall  find  its  point  of  departure 
in  ideas  familiar  to  the  pupil  in  his  ordinary  round  of  activities 
in  school  and  out.  This  way,  orientation  in  biological  con- 
cepts and  methods  becomes  easy. 

(2)  The  important  functions,  activities,  and  adaptations  of 
living  things  are  to  be  emphasized;  the  structures  of  organ- 
isms are  to  be  considered  only  in  so  far  as  they  aid  in  the 
understanding  of  the  functions  and  in  the  recognition  and 
classification  of  living  things. 

(3)  The  course  shall  be  a synthetic  course  in  general  biology ; 
that  is,  the  study  materials  shall  be  taken  from  both  plant  and 
animal  life,  simple  to  complex,  and  lead  to  the  understanding  of 
the  big  ideas  of  elementary  biology  and  their  social  significance. 

(4)  The  course  shall  be  organized  as  a series  of  unit  problems 
and  sub-problems,  each  problem  leading  pupils  inductively  to 
the  understanding  of  an  important  biological  generalization. 
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(5)  The  learning  activities  and  the  self-testing  exercises 
within  each  problem  shall  be  of  such  nature  and  variety  that 
pupils  are  given  experience  with  and  practice  in  those  types 
and  phases  of  thinking  that  are  characteristic  of  scientific 
methods  of  thought  in  biological  science  and  in  life. 

(6)  The  content  of  the  course  shall  be  so  organized  that  the 
pupil  becomes  the  center  of  activity  and  the  teacher  serves  as 
a motivator  and  guide. 

(7)  The  facts  and  concepts  of  physical  science  necessary 
to  the  solution  of  the  problems  shall  be  introduced  when  and 
where  they  aid  in  the  understanding  of  the  biological  idea. 

(8)  Historical  and  biographical  content  shall  be  introduced 
when  and  where  it  will  aid  in  arousing  interest,  in  giving 
perspective  and  meaning,  and  in  solving  the  problem. 

(9)  Reading  materials,  experiments,  home  projects,  ob- 
servations, diagrams,  graphs,  maps,  and  tables  shall  be  in- 
troduced as  sources  of  data  for  the  solution  of  problems  and 
not  as  content  to  be  memorized. 

(10)  The  inter-relationships  of  concepts  developed  in  dif- 
ferent units  shall  be  emphasized  by  abundant  cross-references, 
exercises,  and  questions  to  the  end  that  the  pupil  may  broaden 
his  understandings  as  he  proceeds  through  the  course  and 
may  thus  come  to  see  life  as  a whole. 

(11)  The  units  and  the  activities  within  the  units  shall  be 
so  chosen  and  organized  that  succeeding  units  and  activities 
will  call  for  the  understanding  of  broader  and  broader  con- 
cepts and  for  progressively  difficult  reflective  thinking. 

(12)  Human  biology  and  its  civic  and  social  implications 
shall  be  distributed  throughout  the  course,  but  shall  also  be 
given  special  emphasis  in  that  part  of  the  course  which  con- 
siders man’s  work  in  changing  his  natural  environment. 

(13)  Each  unit  shall  be  so  organized  that  the  pupil’s 
previous  attainment  of  the  specific  objectives  of  the  unit  is 
measured  before  he  begins  the  study  of  the  unit  and  that 
his  learning  is  motivated,  directed,  and  tested.  The  unit 
problem  is  the  “learning  unit”  or  “lesson.” 
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(14)  There  shall  be  provided  with  each  unit  enough  sup- 
plementary and  enrichment  problems,  projects,  and  exercises 
to  insure  that  each  pupil  may  advance  according  to  his  previous 
preparation,  his  interests,  and  his  abilities.  These  supple- 
mentary activities  should  give  pupils  more  applications  of 
the  concepts  met  in  the  unit  and  should  extend  the  meaning 
and  significance  of  the  unit  thought. 

The  principles  stated  have  been  formulated  during  the  years 
of  experimentation  on  the  course  of  study  and  are  the  out- 
growth of  experience  and  of  criticisms  of  hundreds  of  general- 
science  and  biology  teachers. 

The  unit  problems  and  sub-problems  chosen  for  the  book 
call  for  the  understanding  of  those  big  ideas  of  biology  and 
those  biological  facts  which  have  been  selected  as  most 
significant  by  analysis  of  textbooks  of  biology,  courses  of 
study,  and  books  written  by  biologists  for  popular  reading. 
Only  those  concepts  which  pupils  at  this  level  can  comprehend 
are  included  in  the  course. 

Special  Features  of  the  Course 

Especial  attention  is  called  to  the  following  features  of  the 
course : 

(1)  The  method  of  orientation,  which  explains  the  strange 
in  terms  of  the  familiar. 

(2)  The  unit-problem  organization  which  follows  essentially 
the  same  plan  as  the  authors’  Everyday  Problems  in  Science. 

(3)  The  preliminary  exercises  for  each  unit,  which  pro- 
vide a means  of  inventory  of  pupils’  experiences  and  concepts 
pertinent  to  the  unit  to  be  studied,  and  also  serve  as  a means 
of  motivating  the  study  of  the  unit. 

(4)  The  “Story”  of  each  unit,  which  introduces  the  pupil  to 
the  new  unit  and  at  the  same  time  raises  the  problems  to  be 
investigated  as  the  work  on  the  unit  proceeds. 

(5)  The  problem  form  of  the  pupils’  study  activities  and 
the  inductive  development  of  the  concepts  through  the  use 
of  textual  and  experimental  materials  as  sources  of  data. 
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(6)  The  great  variety  of  learning  activities  included,  so 
chosen  and  distributed  as  to  give  the  pupil  acquaintance  with 
and  practice  in  those  aspects  of  scientific  thinking  which  the 
scientist  employs  in  real  problem-solving. 

(7)  The  “Study  Suggestions”  which  afford  definite  study 
helps  and  lead  the  pupil  to  be  conscious  of  the  elements  of 
and  procedures  in  scientific  thinking. 

(8)  The  provision  for  individual  differences  by  the  inclusion 
of  many  “Suggested  Activities”  in  the  text  and  of  the  addi- 
tional exercises  at  the  end  of  each  unit. 

(9)  The  glossary  and  pronunciations  of  new  terms. 

(10)  The  Teacher's  Guidebook , published  as  a separate 
volume,  contains  detailed  instructions  and  suggestions  to  the 
teacher  for  the  successful  conduct  of  the  activities  which 
comprise  this  course. 

(11)  A Study-Book  in  Biology  (262  pages)  provides  an  en- 
riched activities  program  in  the  form  of  a pupil’s  work-book. 
This  work-book  is  especially  unique  in  that  a considerable 
number  of  the  exercises  are  so  constructed  as  to  make  clear 
and  force  the  use  of  scientific  methods  of  working  and  thinking. 
Also,  each  exercise  is  focused  on  a major  understanding,  con- 
cept, or  principle. 

(12)  A series  of  standardized  objective  tests  in  forms  A and 
B is  available  for  use  with  the  text.  The  tests  are  bound  in 
pads,  each  pad  containing  12  tests,  one  for  each  unit  of  the 
book.  The  tests  were  standardized  on  returns  from  about 
1000  students. 

Charles  J.  Pieper 
Wilbur  L.  Beauchamp 
Orlin  D.  Frank 
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Life  exists  in  myriads  of  fascinating  forms.  What  do  you  think  this 
photograph  shows — a tropical  jungle?  No,  these  are  merely  tiny  plants 
and  animals  that  you  can  find  in  a few  drops  of  pond  water.  Here  they 
are  shown  magnified  thousands  of  times.  Tiny  as  they  are,  they,  like  the 
larger  living  things,  must  have  food,  can  reproduce  their  own  kind,  and 
carry  on  many  of  the  fundamental  activities  of  life  that  you  and  I do. 

(Pinney  Science  photo.) 
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UNIT  I 

HOW  DO  LIVING  THINGS  OBTAIN  FOOD? 

Preliminary  Exercises 

1.  In  your  notebook  write  the  names  of  the  animals  as  given 
in  the  left  column  below.  For  each  animal  select  from  the  column 
at  the  right  the  part  which  that  animal  uses  for  food-getting. 


ANIMAL 

PART  OF  BODY 

horse 

pincers 

elephant 

proboscis 

hummingbird 

trunk 

eagle 

teeth  (and  paws) 

cat 

lips 

crayfish 

bill 

squirrel 

tongue 

earthworm 

tongue,  teeth,  and  paws 

ant-eater 

beak  and  talons 

butterfly 

lips  and  teeth 

2.  From  the  following  words  choose  the  correct  one  for  each 
lettered  space  in  the  paragraph  below.  Write  them  in  a column, 
correctly  lettered,  at  the  left  of  your  notebook  page. 

traps  wings  tongue  leaps  legs 

feign  sleep  structure  noses  tails  paws 

Animals  have  many  ways  of  catching  other  animals  which  they 
wish  to  use  for  food.  The  spider  spins  a web  and  ....(a)....  its  food. 
The  leopard  sometimes  hides  on  a rocky  elevation  and  ....(b).... 
upon  the  unwary  animal  which  passes.  Foxes  have  been  known 
to  ....(c)....  to  deceive  their  prey.  Bears  catch  fish  by  thrusting 
their  ....(d)....  into  the  water.  A frog  is  very  skillful  in  catching 

flies  with  his  ....(e) In  the  pursuit  of  food,  fish  use  their 
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birds  use  their  ... -(g)--Hdogs  use  theirH.(A)— .,  and  moles  use 

their  ....(i) Animals  use  different  methods  of  obtaining  food 

because  of  their  differences  in  ....(f) 

3.  Copy  the  letters  in  a column.  After  each  letter  write  the 
correct  word  or  words  needed  to  complete  the  meaning. 

The  raw  materials  from  which  plants  manufacture  food  are 

....(a)....,  ....(b)....,  and  ....(c) These  raw  materials  enter  the 

plant  through  the  ....(d)....  and  the  ....(e) The  process  by  which 

these  raw  materials  are  changed  to  foods  is  called  ....(f) Most 

of  the  food  is  manufactured  in  the  .—  (g) The  machinery  used 

to  manufacture  food  is  the  ....(h)....,  and  the  energy  which  operates 

the  machinery  comes  from  the  .... (i) The  chief  class  of  foods 

manufactured  by  this  process  are  the 

4.  Below  is  a list  of  some  of  the  parts  or  structures  of  which 
animals  are  built.  Some  of  the  parts  are  used  for  food-getting, 
some  are  used  in  food-getting  and  for  other  purposes,  and  some 
have  no  relation  to  food-getting.  Copy  the  words  in  a column 
at  the  left  of  your  notebook.  Write  “1”  after  those  parts  espe- 
cially built  for  food-getting;  “2”  after  those  parts  used  in  food- 
getting but  not  especially  constructed  for  this  purpose;  and  “3” 
after  those  parts  which  have  no  relation  to  food-getting. 

teeth  bill  eyes  feet  fins  lips  paws 

mandibles  feathers  nose  tail  ears  tongue  fur 

5.  Below  you  will  find  an  incomplete  statement  followed  by 
other  statements.  Some  of  these  statements  correctly  complete 
the  major  statement,  and  some  do  not.  Write  the  letters  (a)  to  (e) 
in  a column.  Put  a + sign  after  the  letters  of  the  statements 
which  are  correct  and  a — sign  after  those  which  are  incorrect. 

Food-getting  is  one  of  the  most  important  activities  in  life  be- 
cause— 

(a)  Living  things  must  eat  in  order  to  carry  on  their 

activities. 

(b)  Living  things  live  in  order  to  eat. 

(c)  Getting  food  requires  a large  proportion  of  the  time 

of  living  things. 

(d)  Living  things  can  never  get  too  much  to  eat. 

(e)  Living  things  cannot  get  food  without  some  effort. 
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Fig.  1.  Life  is  a constant  search  and  struggle  for  food. 


The  Story  of  Unit  I 

If  you  will  keep  a record  of  your  activities  for  several  days, 
you  will  find  that,  no  matter  how  many  different  things  you 
may  do,  there  is  one  activity  which  you  carry  on  every  day. 
Shortly  after  you  get  up  in  the  morning,  you  eat.  You  may 
then  go  to  school,  play  games,  or  do  odd  jobs  at  home.  In 
a few  hours  you  are  hungry  and  eat  again.  You  probably 
also  find  it  necessary  to  eat  once  or 
twice  more  before  you  go  to  bed.  You 
know  that,  day  in  and  day  out  so  long 
as  you  live,  you  must  spend  a part  of 
each  day  getting  food  and  taking  it 
into  your  body.  In  this  respect  you 
are  like  all  other  living  things — like 
every  one  of  the  thousands  of  kinds  of 
plants  and  animals  that  make  up  this 
living  world  of  ours.  Whether  it  be  a 
tiny  plant  or  animal  so  small  as  to  be 
visible  only  under  a high-power  micro- 
scope (Figure  2),  or  a giant  elephant 
or  whale,  every  living  thing  must 
spend  part  of  its  time  finding  food 
and  taking  it  into  its  body.  Every 
day  the  great  hungry  mouth  of  the 
world  must  be  fed. 

The  best  way  to  understand  the  part  which  food-getting 
plays  in  the  lives  of  most  animals  is  to  visit  the  woods,  fields, 
or  vacant  lots  and  watch  whatever  animals  you  can  find. 
Keep  a sharp  look-out  for  bugs,  bees,  caterpillars,  worms, 


Fig.  2.  Here,  photo- 
graphed through  a micro- 
scope, is  a tiny  water 
animal,  the  hydra,  cap- 
turing its  food.  With  its 
wavy,  stinging  tentacles 
it  has  paralyzed  a water 
flea.  (Geo.  T.  Hillman 
photo.) 
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birds,  and  squirrels.  Of  course  you  will  include  in  your 
observations  such  common  farm  and  home  animals  as  the 
horse,  cow,  dog,  and  cat.  Watch  them  for  as  long  a time  as 
you  can.  What  do  they  do?  Are  their  activities  aimless,  or 


Fig.  3.  Living  things  get  food  in  many  different  ways. 


are  they  directed  toward  some  goal?  The  more  you  observe, 
the  more  you  will  come  to  realize  that  living  things  spend 
most  of  their  time  eating  or  looking  for  something  to  eat. 

As  you  observe  animals  in  their  almost  ceaseless  search  for 
food,  you  will  be  impressed  by  another  fact:  Animals  have 
countless  different  methods  of  finding,  capturing,  and  taking 
food  into  their  bodies.  Eagles,  kingfishers,  bears,  and  others 

all  like  to  eat  fish,  but  each 
has  its  own  method  of  captur- 
turing  them.  The  kingfisher 
perches  on  a limb  overhanging 
the  water.  When  it  sees  a fish, 
it  dives  in,  seizes  it  with  its 
large,  powerful  bill,  and  flies 
away  to  swallow  the  fish  or 
feed  it  to  its  young.  The  otter, 
on  the  other  hand,  is  a swift 
swimmer  and  can  twist  and 
turn  with  amazing  quickness. 
Therefore,  it  can  pursue  and 
capture  fish.  Can  you  tell 
how  the  eagle  and  the  kingfisher  differ  in  their  methods?  The 
horse  and  the  elephant  both  eat  grass,  but  each  has  a different 
method  of  getting  it  into  his  body.  The  sheep  and  goat  can 
find  forage  in  rough,  hilly,  and  even  mountainous  regions 


Fig.  4.  This  eagle  has  captured  a 
rabbit  for  its  food.  (Field  Museum 
of  Natural  History  photo.) 
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where  grass  is  sparse,  but  a cow  could  not  thrive  under  such 
difficult  conditions. 

The  examples  given  above  raise  several  interesting  ques- 
tions: What  other  methods  do  animals  use  to  get  food?  Why 
do  they  have  these  different 
methods?  What  parts  of  their 
bodies  aid  them  in  getting 
food? 

In  our  observation  and 
study  of  the  ways  in  which 
animals  get  their  food  we 
must  not  forget  to  observe 
and  study  man.  Primitive 
man  probably  spent  most  of 
his  time  searching  for  food. 

His  life  was  very  similar  to 
that  of  other  animals.  The 
problem  of  food-getting  is  just 
as  important  today  as  it  was 
in  the  time  of  primitive  man. 

Today,  however,  only  a cer- 
tain per  cent  of  our  population 
(about  80  per  cent)  is  actually  engaged  in  producing  food 
and  distributing  it.  But  those  of  us  who  are  not  actually 
engaged  in  food  production  must  earn  money  with  which 
to  buy  food.  We  can  therefore  say  that  food-getting  is  an 
activity  of  life  which  concerns  everyone  of  us. 

Although  man,  like  the  other  animals,  is  engaged  in  the 
struggle  for  food,  the  problems  which  he  faces  are  essentially 
different  from  those  of  the  other  animals.  Alone  in  the  forest 
or  on  the  plain,  without  weapons,  man  would  probably  be 
unable  to  secure  food  as  readily  as  does  the  tiger  or  lion. 
But  for  thousands  of  years  man  has  been  studying  problems 
of  food-getting,  and  as  a result  he  has  been  able  to  perfect  his 
methods  far  beyond  those  of  the  other  animals.  Why  has 
man  been  able  to  perfect  methods  of  food-getting  to  a higher 


Fig.  5.  Man  has  constantly  im- 
proved his  methods  of  food-get- 
ting. (International  Harvester 
Company  photo.) 


6 


EVERYDAY  PROBLEMS  IN  BIOLOGY 


degree  than  the  other  animals?  What  methods  does  he  use 
which  other  animals  do  not?  Can  you  answer  these  questions? 

If  you  observe  plants  to  discover  how  they  find  and  take 
their  food,  you  will  probably  not  be  successful  in  your  search. 

Most  of  the  animals  which  we 
know  are  equipped  with  legs, 
wings,  or  fins  so  that  they  can 
move  from  place  to  place  in 
search  of  food.  Our  common 
plants,  on  the  other  hand,  can- 
not move  about.  They  must 
make  their  food  from  the  mate- 
rials which  they  obtain  in  their 
immediate  surroundings.  Their 
food-getting  problem  is  thus 
essentially  different  from  that 
of  our  common  animals.  This 
raises  several  questions,  such 
as:  What  materials  do  plants 
use  for  food?  Do  they  use  for 
food  the  same  materials  that  animals  use?  How  do  they  get 
materials  into  their  bodies? 

How  food-getting  is  carried  on  by  plants,  animals,  and 
man  is  the  problem  of  this  unit.  Because  animals  and  plants 
differ  so  markedly  in  their  methods  of  obtaining  food,  you 
will  consider  these  two  groups  of  living  things  separately. 

Problem  1 : How  Do  Animals  Obtain  Their  Food? 

What  different  methods  do  animals  use  to  get  food? 

Study  Suggestion.  Naturalists  have  studied  the  habits  of  living 
things  for  many  years  and  have  recorded  their  observations  so 
that  others  might  learn.  Some  of  these  observations  concerning 
the  different  ways  by  which  animals  obtain  food  are  stated  in  the 
following  paragraphs.  The  purpose  of  these  paragraphs  is  to  show 
that  great  differences  exist;  it  is  not  necessary  that  you  try  to 
remember  how  each  of  these  animals  obtains  its  food. 


Fig.  6.  Like  man  and  animals, 
this  great  oak  tree  must  have 
food  or  it  will  die. 
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Observation  1.  One  morning  while  taking  a walk,  I decided 
to  observe  the  different  methods  used  by  birds  in  catching 
insects.  I heard  a rat-tat-tat  on  a near-by  tree  and  saw  a 
woodpecker  climbing  around,  every  few  inches  sounding  the 
tree  with  his  bill.  Presently  he  stopped  and 
commenced  to  chisel  a hole.  After  a short 
time  I saw  by  his  actions  that  he  had  found 
for  his  morning  breakfast  an  insect,  or  the 
larva  of  some  insect  ( larva  is  the  name  given 
to  one  of  the  stages  of  growth  through 
which  insects  pass  before  they  become 
adults).  Sitting  on  the  branch  of  another 
tree  was  a small  gray  bird  which  I knew  to 
be  a flycatcher.  Presently,  it  dived  from 
its  perch,  opened  its  mouth,  and  flew  back 
to  its  perch  again.  I had  witnessed  the  cap- 
ture of  another  insect.  A little  further  on,  I encountered  a 
flicker  in  the  pursuit  of  ants.  It  would  wallow  its  tongue  over 
the  ants,  withdraw  its  tongue  into  its  mouth,  and  when  the 
tongue  was  again  seen,  the  ants  were  gone.  A robin  was 
hopping  along  the  ground,  and  pres- 
ently it  sighted  an  insect  on  a blade 
of  grass.  A flash  of  its  head,  and 
the  insect  was  grasped  firmly  within 
its  beak.  Each  bird  had  its  own 
method  of  capturing  insects  for  food. 

Observation  2.  I had  often  heard 
that  cattlemen  objected  to  the  pas- 
turing of  sheep  upon  the  grazing 
lands  used  for  cattle.  Various  rea- 
sons were  advanced  for  this  objec- 
tion, but  the  one  reason  to  which 
all  agreed  was  that  sheep  were  likely  to  kill  the  grass.  I 
wondered  why  this  should  be  true.  On  comparing  land  over 
which  sheep  had  grazed  with  that  on  which  cattle  had 
pastured,  I discovered  that,  for  some  reason  or  other,  the  sheep 


Fig.  7. 
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cut  the  grass  much  closer  to  the  ground  than  did  the  cattle. 
They  seemed  to  be  able  to  get  down  almost  to  the  very 
roots  of  the  grass. 

Observation  3.  I was  sitting  by  a window  one  day  when  I 
saw  a cat  slink  through  the  bushes  to  a high  board  fence 

across  the  back  of  the  lot. 
From  her  stealthy  method  of 
approaching  the  fence  I was 
reasonably  sure  that  she  was 
stalking  some  small  animal. 
Near  the  middle  of  the  fence 
was  a tree,  and  on  the  lower 
branches  of  this  tree  were 
several  sparrows.  I concluded 
that  these  sparrows  were  the 
object  of  her  hunt.  A minute 
or  two  later  the  cat  reap- 
peared on  a horizontal  board  which  was  nailed  along  the 
fence  about  a foot  from  the  top.  She  crawled  slowly  along 
this  board  and  remained  concealed  from  the  sparrows  until 
she  was  directly  beneath  them.  Then  with  lightning  speed 
she  leaped  upward,  with  her  paw  knocked  a sparrow  from 
the  limb,  and  landed  on  the  ground  with  the  bird  in  her 
mouth.  She  moved  so  quickly  that  it  was  almost  impossible 
to  see  exactly  how  she  did  it. 

Observation  4.  Near  where  I live  is  a pond,  the  home  of 
many  small  animals.  One  day  while  I was  sitting  quietly 
close  to  the  bank  of  the  pond,  I observed  a frog  thrust  its 
head  above  the  water,  and  after  a short  survey  of  the  sur- 
roundings climb  on  to  a log.  He  sat  there  motionless,  appar- 
ently resting.  Soon  a fly  ventured  near  him.  There  was  a 
flash  of  red  from  the  frog’s  mouth,  and  the  fly  disappeared. 
I watched  a while  longer,  and  the  same  thing  happened. 
The  frog  was  sitting  on  the  log  catching  flies  for  his  food. 

Observation  5.  One  day  I observed  a small  hole  in  the 
ground.  While  I was  wondering  what  animal  made  it,  I de- 


Fig.  9.  Cats  are  skillful  food-hunters. 
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tected  a slight  movement  near  the  top,  and  suddenly  the  hole 
was  closed  by  the  head  of  some  animal.  (I  learned  later  that 
the  animal  was  the  larva  of  a tiger 
was  bigger  than  the  body,  it  was 
evident  that  the  animal  must  be 
supporting  itself  by  arching  its  sup- 
ple body  against  the  sides  (Figure 
10).  While  I was  waiting  to  see 
what  the  animal  would  do  next,  I 
observed  a small  insect  approach- 
ing. I saw  that  if  the  insect  con- 
tinued in  the  same  course,  it  would 
pass  right  over  the  head  of  the 
larva.  And  that  is  what  happened, 
or  rather,  almost  happened,  for  just 
as  the  insect  reached  the  hole,  it  was  seized  by  the  strong  jaws 
of  the  larva.  The  larva  then  let  go  its  hold  and  dropped, 
carrying  the  insect  with  it.  Once  at  the  bottom  of  the  hole, 

where  its  prey  had  little 
chance  of  escape,  I have  no 
doubt  that  the  larva  very 
quickly  made  a meal  of  the 
unsuspecting  insect. 

Observation  6.  As  I was 
sitting  on  the  front  porch 
one  day,  I saw  that  a 
spider  had  made  use  of 
some  vines  which  had 
climbed  the  posts,  as  a 
means  for  anchoring  a web 
which  she  had  spun.  The 
spider  had  taken  her  stand 
in  the  centre  of  the  web 
and  was  apparently  rest- 
ing from  her  labor.  Pres- 
ently a fly  came  along  and 


Fig.  11.  A dragon  fly  has  blundered 
into  the  sticky  web.  The  spider  now 
has  its  food  supply  at  hand  for  several 
days.  (Photo  © Lynwood  Chace.) 


beetle.)  Since  the  hole 


Fig.  10.  A tiger-beetle  larva 
sets  its  trap. 
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was  caught  by  the  sticky  threads  in  the  outer  part  of  the 
web.  Immediately  the  spider  ran  to  the  fly  and  covered  it 
with  more  sticky  threads  until  it  was  entirely  bound.  Then 
she  pricked  her  victim  with  her  poison  fangs  and  withdrew 
to  the  centre  of  the  web.  When  the  fly  had  ceased  its  strug- 
gles, the  spider  dragged  it  to  the  centre  of  the  web  and  lei- 
surely proceeded  to  suck  the  juices  from  its  body. 

Suggested  Activity.  The  observations  given  above  illustrate 
but  a few  of  the  many  different  methods  which  animals  use  to 
get  food.  You  will  find  it  interesting  to  make  a few  observations 
of  your  own.  Observe  carefully  a cow,  horse,  pig,  cat,  dog, 

bird,  chicken,  goldfish, 
squirrel,  or  any  other 
animal  which  you  can 
find.  Prepare  as  de- 
tailed a description  as 
you  can  of  exactly  how 
the  animal  finds  food 
and  takes  it  into  its 
mouth.  Wild  animals, 
especially  those  which 
eat  other  animals  (these 
are  called  carnivorous 
animals),  get  their  food 
in  many  strange  ways.  You  cannot  observe  all  these  yourself, 
but  you  can  find  many  interesting  stories  about  lions,  pythons, 
ant-eaters,  whales,  turtles,  leeches,  starfish,  cuttlefish,  wasps, 
beetles,  and  many  others. 

Why  do  animals  differ  in  their  methods  of  getting  food? 

Study  Suggestion.  In  solving  a problem  like  this  it  is  well 
to  study  in  some  detail  several  animals  and  then  try  to  arrive  at 
general  statements  concerning  why  animals  differ  in  their  methods 
of  getting  food.  It  is  not  your  purpose  to  be  able  to  tell  in  detail 
how  each  animal  gets  its  food,  but  rather  to  find  an  answer  to  the 
problem,  “Why  do  animals  differ  in  their  methods  of  getting  food?” 

A study  of  how  animals  get  their  food  presents  us  with  a 
bewildering  number  of  methods.  Each  animal  apparently 
has  its  own  method.  Different  animals  eating  the  same  kind 


Fig.  12.  The  ant-eater  has  no  jaws,  but  when 
he  finds  an  ant-hill,  his  pencil-like,  sticky 
tongue  slips  in  and  out  with  great  rapidity 
carrying  its  loads  of  food. 


HOW  DO  LIVING  THINGS  OBTAIN  FOOD? 


11 


of  food  differ  in  their  method  of  obtaining  it.  Why  is  this 
true?  To  answer  this  question,  we  shall  consider  some  of 
the  examples  which  have  just  been  discussed. 

A comparison  of  the  animals  using  insects  for  food  pro- 
vides data  to  answer  our  problem.  The  flycatcher  has  a 
wide  mouth  with  stiff  bristles  on  each  side  of  it.  When  it 
pursues  an  insect,  it 
opens  its  mouth  and  the 
bristles  stand  out  on 
each  side  (Figure  8). 

These  bristles  act  like  a 
funnel  to  catch  the  in- 
sect and  direct  it  into 
the  mouth  of  the  bird. 

The  woodpecker  has  a 
long,  sharp  bill  which  he 
uses  to  sound  the  trunk 
of  a tree  to  discover 
decayed  or  hollow  spots  where  insects  are  likely  to  be 
present.  The  beak  is  so  constructed  that  it  is  possible  by 
continuous  pecking  to  drill  a hole  in  the  tree.  The  wood- 
pecker then  sticks  his  long,  flexible  tongue  into  the  hole. 
This  tongue  is  sticky  and  spear-like;  so  the  insects  with 
which  it  comes  into  contact  simply  stick  to  it  and  are  drawn 
into  the  woodpecker’s  mouth.  The  frog,  on  the  other  hand, 
uses  its  tongue  in  an  entirely  different  manner  from  the  birds 
(Figure  13).  Its  tongue  is  attached  at  the  front  of  the 
mouth  instead  of  at  the  back  like  most  other  animals. 
When  the  fly  is  close  enough,  the  frog  simply  flips  out  its 
tongue,  encircles  the  fly,  and  brings  it  back  into  its  mouth. 
The  spider  is  able  to  spin  a sticky  thread  with  which  it  can 
construct  its  web;  it  is  also  able  to  paralyze  its  victim  with  a 
poison  from  its  fangs. 

Let  us  see  why  the  sheep  crops  the  grass  so  closely  to 
the  ground.  In  grazing,  the  sheep  places  its  lower  jaw  on 
the  ground  behind  the  grass  which  it  wishes  to  eat.  It  then 
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pushes  its  tongue  around  in  front  of  the  grass  and  holds  it 
against  the  teeth.  Then  by  an  upward  thrust  of  the  lower 
jaw,  the  teeth  cut  the  grass.  The  cow  eats  grass  in  the  same 
manner,  but  since  the  lower  jaw  of  a cow  is  much  thicker 
than  that  of  the  sheep,  the  teeth  are  not  so  near  the  ground ; 
hence  the  grass  is  not  cut  so  short. 

Suggested  Activity.  Observe  birds  capturing  insects,  and 
report  to  the  class  what  you  saw.  Try  to  explain  just  why  they 
use  different  methods. 

Suggested  Activity.  Observe  a horse  or  a rabbit  eating  grass. 
Compare  the  methods  they  use  with  those  of  the  cow.  Explain 
why  they  differ  in  their  methods. 

Each  of  the  animals  described  is  different  from  the  other 
animals  in  its  structure , that  is,  in  its  kinds  of  body  parts  and 
in  the  forms  of  these  body  parts.  A dog  laps  water,  a horse 
sucks  the  water  in,  and  a chicken  fills  its  beak  with  water, 
then  raises  its  head  and  lets  the  water  run  down  its  throat. 
If  you  will  examine  the  tongue  of  a horse  and  that  of  a dog, 
you  will  find  that  the  dog’s  tongue  is  wide,  flexible,  and  thin 
so  that  it  can  make  it  into  the  form  of  a cup.  The  tongue 
of  a horse  is  thick  and  could  not  possibly  be  used  in  this 
manner.  The  horse  can  drink  water  even  with  its  head 
lower  than  its  body  because  there  are  circular  muscles  in  its 
esophagus  (the  tube  which  leads  from  the  mouth  to  the 
stomach)  which  contract  and  force  the  water  up.  The  chicken, 
on  the  other  hand,  has  no  such  muscles  and  hence  must  have 
its  head  above  its  body  so  that  the  water  may  flow  downhill. 
The  method  which  an  animal  uses  in  getting  food  is  thus 
dependent  upon  the  structure  of  the  animal. 

The  discussion  to  this  point  has  been  concerned  with  the 
more  complex  animals,  that  is,  animals  which  are  made  up 
of  many  parts.  We  must  not,  however,  neglect  some  of  the 
simplest  animals,  because  they,  too,  have  the  problem  of 
getting  food.  Let  us  first  examine  one  of  the  simplest  animals, 
the  amoeba.  This  animal  is  about  one-fiftieth  inch  in  diameter 
and  can  be  observed  only  by  use  of  a powerful  microscope. 
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Fig.  14.  How  an  amoeba  ap- 
pears under  the  high  power  of 
a microscope. 


Experiment  1.  How  does  the  amoeba  get  its  food?  To  get  an 

amoeba,  obtain  some  leaves  from  the  bottom  of  a stagnant  pool, 
place  them  in  a jar  of  water,  and  allow  it  to  stand  for  several 
days  out  of  the  direct  sunlight. 

A jelly-like  scum  will  form  on  the 
water.  Remove  a drop  of  this 
scum  with  a medicine  dropper  and 
place  it  on  a glass  slide.  Place  a 
cover  glass  over  the  drop  of  water 
and  examine  it  under  a powerful 
microscope.  (Your  teacher  will 
show  you  how  to  use  a micro- 
scope.) By  careful  observation  you 
will  find  an  animal  such  as  is  shown 
in  Figure  14.  Notice  how  the  ani- 
mal moves.  Notice  the  behavior  of  the  animal  when  it  comes  in 
contact  with  a piece  of  food.  How  does  it  take  food  into  its  body? 

The  amoeba  has  no  mouth,  eyes,  teeth,  ears,  nose,  or  any 
of  the  body  parts  which  we  see  in  large  animals.  It  is  as  simple 
as  an  animal  can  be.  It  has  no  way  of  locating  food  except 
by  coming  in  contact  with  it.  If  the  amoeba  comes  in  contact 

with  a solid  piece  of 
material  which  it 
cannot  use  for  food, 
it  rolls  over  or  past 
it;  if  it  is  good  for 
food,  the  amoeba 
surrounds  it  with  its  body  (Figure  15).  For  some  reason, 
which  we  do  not  fully  understand,  it  acts  differently  in  the 
presence  of  materials  which  are  food  and  those  which  are  not. 

Another  very  simple  animal,  and  one  which  is  easy  to  ob- 
tain, is  the  paramecium. 


Fig.  15.  How  an  amoeba  takes  in  its  food. 


Experiment  2.  How  does  the  paramecium  get  its  food?  (a) 

To  obtain  a paramecium,  make  a hay  infusion  by  soaking  dry  hay 
in  a small  jar  of  water  for  a week  or  more.  By  means  of  a medicine 
dropper  take  up  a small  drop  of  water  near  the  surface  of  the  water 
and  the  side  of  the  jar.  Transfer  the  drop  of  water  to  a slide  and 
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cover  with  a cover  glass.  Mount  under  the  low  power  of  a compound 
microscope,  and  look  for  rapidly  swimming  organisms  like  that 
Shown  in  Figure  16.  Note  the  oral  groove  or  mouth  and  the  minute 
hairs,  or  cilia , found  on  the  outer  surface  of  the  body.  (Study 
Figure  16  for  names  and  location  of  parts.) 

(&)  Obtain  another  drop  of  water  containing  paramecia  and  add 
a little  powdered  carmine,  stirring  it  through  the  drop.  Cover  the 
drop  with  a cover  glass  and  examine  under 
the  microscope.  If  possible,  find  a para- 
mecium  which  is  comparatively  quiet  and 
watch  it  feed  on  the  carmine.  You  will 
note  the  particles  of  carmine  scattered 
through  the  body.  How  do  they  get  inside 
the  paramecium? 

The  paramecium  is  a little  better 
equipped  for  food-getting  than  the 
amoeba.  It  can  move  much  faster  than 
the  amoeba;  it  has  a definite  place  for 
entrance  of  the  food,  and  it  has  cilia 
to  sweep  particles  of  food  into  this 
opening. 

The  amoeba  and  paramecium  are 
examples  of  the  simplest  forms  of  ani- 
mal life.  The  body  of  the  amoeba  is 
less  complex  than  that  of  the  para- 
mecium; it  has  no  mouth  or  cilia.  The 
two  animals  have  a different  structure ; 
that  is,  the  materials  of  which  they  are  made  are  put  together 
differently,  giving  different  forms  to  their  bodies.  As  we 
proceed  up  the  scale  of  animal  life,  that  is,  from  the  simpler 
animals  to  the  more  complex  animals,  we  find  an  ever  increas- 
ing complexity  of  structure  and  a greater  variety  of  body 
parts  which  are  used  by  the  animal  in  getting  food.  The 
hydra,  which  you  saw  in  Figure  2,  has  long  tentacles  with 
which  to  grasp  the  food  that  comes  to  it  and  force  it  into  the 
mouth  at  the  base  of  the  tentacles.  These  tiny  water  ani- 
mals also  have,  scattered  over  their  bodies,  dart-like  organs 


Fig.  16.  In  Unit  II  you 
will  learn  the  functions 
of  the  vacuoles. 
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which  by  a stab  and  a discharge  of  poison  paralyze  and  even 
kill  the  minute  creatures  on  which  they  feed. 

Let  us  examine  an  animal  still  more  complex  in  structure, 
the  earthworm.  It  has  neither  eyes  nor  ears  to  tell  it  of  the 
presence  of  food;  so  it  must  depend  upon 
coming  into  contact  with  food.  By 
means  of  its  stiff  upper  lip  it  can  attach 
itself  to  a piece  of  soil  or  to  a leaf  (Fig. 

17).  The  pharynx , located  directly  be- 
hind the  mouth,  has  muscular  walls 
which  can  expand  and  contract.  This 
makes  it  possible  to  enlarge  or  decrease  the  size  of  the  phar- 
ynx. As  the  pharynx  enlarges,  the  air  pressure  becomes 
less  inside  the  animal  than  it  is  outside.  The  piece  of  soil 
or  leaf  to  which  the  animal  has  attached  itself  is  thus  forced 
into  the  mouth  by  the  outer  air  pressure.  In  this  manner 
it  burrows  its  way  through  the  soil.  As  the  materials  taken 
into  the  body  pass  through  the  worm,  the  digestible  parts  are 
used  by  the  worm  as  food.  The  earthworm  by  reason  of  its 
structure  is  adapted , that  is,  fitted, 
to  obtaining  food  from  the  soil  in 
which  it  lives. 

Most  of  the  animals  which  we 
know  have  parts  used  especially 
for  food-getting.  The  clam  has 
a double-tubed  siphon  which  is 
extended  into  the  water  (Figure 
18).  Cilia  are  located  in  one 
tube,  and  these  by  their  constant 
motion  cause  a current  of  water 
to  pass  into  the  animal.  Small  animals  and  plants  are  carried 
inward  by  the  current  and  swallowed.  Since  the  food  is  so 
small,  the  clam  needs  no  teeth  or  other  organs  to  seize  the 
food.  The  crayfish  and  the  lobster  have  large  pincers  which 
enable  them  to  seize  food;  they  have  mandibles  which  move 
sidewise  and  crush  the  bits  of  food  into  smaller  pieces. 


Fig.  18.  The  clam  can  only 
drag  itself  slowly  along  with  its 
foot.  It  therefore  cannot  be 
said  to  search  for  food. 
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Birds  are  equipped  with  bills  of  various  kinds,  and  some 
have  powerful  hook-like  beaks  and  sharp  talons.  Birds  which 
feed  on  insects  have  one  kind  of  bill ; those  which  feed  on  fish 
have  another  kind,  and  those  which 
feed  on  seeds  have  still  a different 
kind.  The  butterfly  has  a long 
tube,  the  proboscis , which  it  keeps 
curled  up  under  its  head  until  feed- 
ing time.  When  it  alights  on  a 
flower,  it  uncoils  the  proboscis,  ex- 
tends it  down  into  the  nectar  cup 
at  the  base  of  the  flower,  and 
“sucks”  the  sweet  nectar  into  its 
body  (Figure  19). 

Most  of  the  common  animals 
have  teeth  which  are  used  as  organs 
of  prehension , that  is,  for  grasping 
and  holding  the  food.  As  shown  in 
Figure  20,  the  teeth  of  a snake 
curve  inward.  They  are  not  used  for  grinding  or  cutting 
the  food,  but  for  seizing  the  food  and  keeping  it  from 
escaping.  Snakes  usually  swal- 
low animals  whole.  They  have 
no  hands  or  other  structures 
to  help  them  hold  the  food  and 
convey  it  to  the  mouth.  Once 
the  snake  gets  an  animal  in  its 
mouth,  the  curved  teeth  will 
prevent  the  animal  from  getting 
away.  Also,  the  jaws  of  the 
snake  work  independently  of 
each  other  and  are  joined  by 
very  flexible  muscles.  This  en- 
ables the  snake  to  force  food 
into  its  mouth  by  moving  first 
one  jaw  and  then  the  other. 


Fig.  19.  Moths  also  have 
sucking  probosces  like  that 
of  the  butterfly.  This  picture 
shows  the  proboscis  of  a moth . 


Fig.  20.  Note  the  two  poison 
fangs  at  the  end  of  the  upper 
jaw  and  the  small,  sharp,  in- 
ward slanting  teeth  for  grasping 
food.  (Field  Museum  photo.) 
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Fig.  21.  An  African  lion  ready  to  leap  upon  his 
prey.  (Field  Museum  photo.) 


The  cat  family,  such  as  the  house  cat,  lion,  and  tiger,  is 
well  equipped  with  structures  for  food-getting.  Their  bodies 
are  well  formed  and  remarkably  strong  for  their  size.  They 
have  pads  or  cushions  on  their  paws,  which  enable  them  to 
move  silently.  Their  sharp  claws  are  folded  back  under  these 
pads,  but  they  flash 
forth  when  the  ani- 
mal leaps  for  its 
prey  (Figure  21). 

Their  senses  of 
sight  and  smell  are 
extremely  well  de- 
veloped, and  are 
valuable  aids  in 
the  search  for  food. 

The  tongue  of  the  lion  is  covered  with  small,  horny  points 
which  enable  the  animal  to  scrape  the  flesh  of  its  prey  from 
the  bones.  It  is  said  that  one  slap  of  the  lion’s  tongue  on  a 
man’s  hand  will  strip  it  of  flesh.  The  lion  also  has  long, 
pointed  teeth  which  enable  it  to  seize  and  tear  the  flesh  of 
the  animals  it  eats.  The  teeth  in  the  rear  are  cutting  teeth, 
the  upper  teeth  going  a little  past  the  lower  ones  so  that 
they  cut  the  flesh  like  scissors.  For  pursuing  his  game,  the 
lion  is  provided  with  legs  which  can  carry  him  at  the  speed 
of  a horse. 

The  abilities  to  smell,  to  see,  and  to  hear  are  very  important 
aids  in  locating  food.  Not  all  animals,  as  we  have  seen, 
possess  these  abilities.  The  dog  has  a markedly  well-developed 
sense  of  smell.  All  of  you  have  probably  seen  a dog  fol- 
lowing the  trail  of  a rabbit.  The  cat,  on  the  other  hand, 
makes  use  of  her  sharp  eyes  to  detect  the  slightest  move- 
ments. You  will  never  see  a cat  following  the  trail  of  a mouse 
with  her  nose.  You  have  probably  noticed  that  a cat  does 
most  of  her  hunting  at  night.  She  is  able  to  see  at  night 
because  of  the  way  in  which  her  eyes  are  constructed.  The 
pupil  of  the  eye,  through  which  the  light  enters,  can  be 
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changed  from  a narrow  slit  to  a wide  ellipse.  This  enables 
the  cat  to  open  the  pupil  widely  at  night  so  as  to  obtain  the 
greatest  light  possible.  The  ability  to  hear  is  also  of  great 
advantage  to  hunting  animals,  al- 
though it  is  perhaps  not  so  impor- 
tant to  them  as  the  ability  to  see 
and  to  smell. 

Closely  associated  with  the  abili- 
ty to  see,  to  smell,  and  to  hear  are 
the  other  senses,  touch  and  taste. 
These  are  most  helpful  in  determin- 
ing what  is  good  to  eat  and  what  is 
not.  The  grasshopper  walks  along 
the  stem  of  a plant  and  touches 
everything  with 
its  antennae  (Figure  23).  When  it  touches  a 
green  leaf,  it  stops  and  eats  it.  The  an- 
tennae are  thus  used  to  locate  materials 
which  may  be  used  for  food.  The  snake 
carefully  examines  its  prey  with  its  long, 
forked  tongue  before  it  will  eat.  Experi- 
ments with  animals  have  also  shown  that 
the  sense  of  taste  guides  them  in  their 
selection  of  food. 

In  addition  to  the  many  body  parts 
which  are  of  direct  use  in  food-getting, 
animals  also  utilize  other  parts  of  the  body 
for  this  purpose.  The  organs  of  loco- 
motion, which  enable  animals  to  crawl, 
swim,  hop,  run,  walk,  and  fly  are  impor- 
tant in  that  they  permit  the  animal  to 
pursue  its  prey  or  to  change  its  location 
when  the  food  within  its  immediate  vicinity 
is  exhausted.  The  pig  uses  its  tough, 
gristle-like  snout  to  plow  into  the  soil  for  fleshy  roots  and 
nuts.  The  mole  uses  its  slender  nose  and  its  feet  to  push  its 


Fig.  22.  Dogs  have  a keen 
sense  of  smell  but  rather  poor 
eyesight.  ( Field  and  Stream 
© photo.) 
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way  through  the  soil  in  search  of  the  worms,  roots,  and  seeds 
which  are  its  diet.  The  python  uses  its  tail  to  attach  itself 
to  the  limb  of  a tree  and  hang  suspended  in  the  air  waiting 
for  an  animal  to  pass  beneath  it.  Animals  thus  possess  an 
endless  variety  of  body  parts  which  are  used  in  the  activity 
of  getting  food. 

Not  only  do  the  ways  in  which  animals  get  their  food 
depend  upon  their  external  structure,  but  they  also  depend 
upon  the  characteristics  in- 
herited from  their  parents.  It 
is  not  necessary  to  teach  a dog 
how  to  hunt  food.  A spider 
may  be  hatched  from  the  egg 
and  kept  entirely  apart  from 
other  spiders;  it  will,  however, 
spin  its  web  and  use  the  same 
methods  of  hunting  food  as 
other  spiders  of  its  own  kind. 

We  shall  learn  in  a later  unit 
much  more  about  inherited 
abilities  and  how  they  affect 
the  life  of  an  animal. 

Self-testing  exercise  1.  On 

the  basis  of  the  descriptions  of 
animals  in  the  preceding  paragraphs,  plus  your  own  knowledge  of  how 
living  things  get  their  food,  make  a list  in  which  you  name  the  body 
parts  used  in  getting  food,  and  describe  the  ability  which  each  part 
gives  to  the  animal.  Arrange  your  work  in  the  following  form: 


Body  Parts  Used  for  Food-Getting 


Body  Part 

Ability 

Eyes 

Enable  animal  to  see 

Bill 

Enables  animal  to  grasp  food 
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Self-testing  exercise  2.  Below  the  table  which  you  have  con- 
structed for  Exercise  1 write  a paragraph  in  answer  to  each  of  these 
questions:  (1)  What  parts  of  the  body  aid  animals  in  food-getting? 
(2)  Why  do  animals  differ  in  their  methods  of  getting  food? 


How  does  man  get  his  food?  In  man  we  find  what  seems  to 
be  an  exception  to  the  general  principle  that  the  method  of 

food-getting  of  an  animal  is  de- 
pendent upon  the  structure  of 
the  animal.  Man  eats  all  kinds 
of  food;  he  is  omnivorous.  If 
the  food  does  not  suit  his  taste 
when  raw,  or  if  it  is  too  tough, 
he  cooks  it.  He  does  not  need 
strong  muscles  or  sharp  teeth  to 
strip  the  flesh  of  animals  from 
the  bones.  He  has  knives, 
cleavers,  and  other  sharp  instru- 
ments for  this  purpose.  He  is 
not  dependent  for  food  upon 
the  living  things  found  in  his 
immediate  surroundings.  But 
he  is  dependent  upon  his  struc- 
ture for  the  complex  methods 
of  food-getting  which  he  has 
developed.  This  can  be  shown 
by  a study  of  his  past. 

Many  thousands  of  years 
ago  man  had  not  reached  his 
present  state  of  civilization. 
Through  the  discovery  and  ex- 
amination of  the  remains  of  primitive  man,  scientists  have 
been  able  to  obtain  a fairly  accurate  picture  of  life  in  the  ages 
past.  Primitive  man  had  much  the  same  problems  as  other 
animals  (Figure  25).  He  was  dependent  for  food  upon  his  skill 
as  a hunter.  He  used  the  structures  which  he  possessed  in 
exactly  the  same  way  as  other  animals.  He  stalked  his  game, 


Fig.  25.  Primitive  man,  like  the 
animals,  spent  most  of  his  time 
searching  for  food.  He  had  only 
the  swiftness  of  his  feet  and  the 
strength  of  his  body  to  help  him. 

(Field  Museum  © photo.) 
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pursued  it  when  he  could  run  fast  enough  to  catch  it,  and 
used  his  teeth  and  his  hands  to  capture  and  kill  his  victim. 

As  time  went  on,  man  improved  his  methods  of  hunting  by 
inventing  weapons  with  which  he  could  kill  or  capture  his  food. 
His  ability  to  invent  and  use  weapons  was  the  result  of  a brain 
capable  of  much  higher  development  than  that  of  the  other 
animals.  It  is  this  brain  which  has  enabled  him  to  become 
master  of  the  rest  of  the  living  world.  Through  the  use  of  it 
he  has  been  able  to  develop  a language  by  means  of  which 
he  can  make  his  thought 
known  to  others  and  re- 
ceive their  thought  in  re- 
turn. Language  has  made 
it  possible  for  the  discover- 
ies, ideas,  and  inventions 
of  one  generation  to  be 
passed  on  to  the  next  gen- 
eration. Man’s  complex 
methods  of  getting  food  are 
thus  the  result  of  thousands 
of  years  of  experimenta- 
tion in  which  many  people 
have  cooperated.  Man  is 
no  exception  to  the  general 
principle  that  the  method 
of  food-getting  is  dependent  upon  structure.  Man’s  methods 
can  be  traced  to  the  possession  of  a brain  which  has  been  devel- 
oped to  a much  higher  level  than  that  of  any  other  animal. 

The  development  of  man’s  control  of  the  food  supply  has 
required  thousands  of  years.  One  of  the  great  steps  forward 
took  place  when  man  began  to  domesticate  plants  and  animals 
and  raise  them  for  food.  Ever  since  this  early  beginning,  man 
has  been  studying  the  conditions  necessary  for  the  growth  of 
plants  and  animals,  and  today  we  have  a science  of  agriculture. 
As  a result  of  these  long  years  of  study,  man  has  selected  cer- 
tain plants  for  food;  these  he  cultivates  and  harvests.  Not 


Fig.  26.  This  picture  shows  three  all- 
important  ways  in  which  man’s  brain 
has  helped  him  solve  his  food  problems. 
He  has  learned  to  domesticate  animals, 
cultivate  plants,  and  make  machinery. 
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only  does  he  raise  food  for  immediate  use,  but  he  also  stores 
plant  foods  for  use  during  the  long  winter  months  when  growth 
stops;  he  preserves  animal  foods  in  cold-storage.  The  story  of 
man’s  improvement  of  growing  conditions  and  his  methods  of 
selecting  and  breeding  the  plants  and  animals  which  he  uses 
will  be  told  in  Units  VII  and  VIII. 

Life  in  the  open  is  a constant  struggle  for  food.  The  necessi- 
ty for  food  to  maintain  life  and  the  constant  warfare  among 
animals  to  obtain  food  is  a major  problem  in  the  life  of  every 
animal.  Some  animals  because  of  their  particular  structures 
are  essentially  hunters;  others  because  of  their  lack  of  equip- 
ment are  the  "hunted.”  But  the  hunters  in  turn  may  be 
hunted  by  others.  The  success  of  the  animal  in  getting  food 
and  in  keeping  from  becoming  food  for  some  other  animal  is 
an  important  factor  which  determines  how  long  he  shall  live. 

Self-testing  exercise  3.  Make  a list  of  as  many  ways  as  you 
can  in  which  man  has  improved  his  methods  of  producing  and 
distributing  foods. 

Self-testing  exercise  4.  Read  through  your  answers  to  the 
preceding  exercises  in  this  problem  and  then  prepare  a summary 
not  more  than  one-half  page  in  length  which  will  fully  answer 
the  problem,  “How  do  animals  obtain  their  food?” 

Problem  2:  How  Do  Plants  Obtain  Their  Food? 

Food-getting  presents  a different  problem  to  plants  than  it 
does  to  animals.  When  an  animal  is  hungry,  it  uses  whatever 
means  of  locomotion  it  has  to  go  in  search  of  food.  A tree, 
on  the  other  hand,  cannot  change  its  location.  It  has  no 
legs,  no  wings,  no  fins  to  move  it  from  place  to  place;  neither 
does  it  have  hands,  pincers,  or  claws  to  help  it  get  food  into 
its  body.  Moreover,  it  has  no  mouth  through  which  the 
food  may  enter.  We  know,  however,  that  in  some  way  or 
other  it  must  get  food,  or  it  will  die. 

To  discover  the  source  of  the  food  supply  of  green  plants 
we  must  examine  their  surroundings  (Figure  27).  The  roots 
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of  land  plants  push  their  way  downward  and  outward  into  the 
soil,  and  the  stem  and  leaves  grow  upward  into  the  air.  Since 
the  air  and  the  soil  are  the  only  materials  with  which  the  plant 
comes  in  contact,  they  must  be  the  source  of  the  plant’s  food 
supply.  The  soil,  as  you  know,  consists  of  minerals  which 
have  been  released  by 
the  wearing  away  of  the 
rocks,  decayed  plant  and 
animal  materials,  and 
water  between  the  parti- 
cles of  soil.  The  air  is  a 
mixture  of  gases,  chiefly 
nitrogen  and  oxygen  with 
a small  per  cent  of  carbon 
dioxide  and  certain  rare 
gases. 

But  when  we  make 
chemical  tests  of  a leaf  or 
other  part  of  the  plant,  we 
find  materials  which  are 
not  present  in  the  soil  or 
in  the  air.  For  example, 
green  plants  contain 
starch , sugar , and  pro- 
teins. Some  contain  fats 
or  oil.  But  none  of  these 
materials  is  found  in  the 
soil  or  in  the  air.  It  is 
evident,  therefore,  that 
green  plants  must  have 
some  method  of  chang- 
ing into  new  materials  the  materials  which  they  get  from 
the  soil,  air,  and  water.  In  other  words,  the  materials  which 
the  plant  gets  from  the  soil  and  the  air  are  not  foods;  they 
are  the  raw  materials  from  which  the  plant  must  manu- 
facture its  food. 


Fig.  27.  From  the  soil  around  its  roots 
and  the  air  around  its  stems  and  leaves 
the  plant  must  get  its  food. 
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How  does  the  green  plant  get  its  raw  materials?  If  you 

wish  to  understand  how  a factory  is  operated,  you  must  visit 
it  and  observe  the  machinery  and  the  different  processes  which 
are  carried  on.  Now  a green  plant  does  not  contain  rooms 

and  machinery,  but  it  does  have 
different  parts,  each  of  which  has 
a special  work  to  do  in  getting 
the  raw  materials  into  the  plant 
and  changing  them  into  new 
products.  The  first  step  in  this 
process  is  that  of  getting  the  raw 
materials.  We  shall  now  exam- 
ine this  process. 

One  source  of  raw  materials  is 
the  soil.  In  order  to  understand 
how  materials  from  the  soil  can 
enter  the  plant,  it  will  first  be 
necessary  to  examine  the  struc- 
ture of  plant  roots. 

Experiment  3.  What  is  the 
structure  of  plant  roots?  (a)  Plant 

wheat,  beans,  and  peas  in  some 
wet  sawdust  or  loose  soil.  Keep 
the  container  in  a warm  place 
where  there  is  plenty  of  light,  and 
from  day  to  day  add  enough  water 
to  keep  the  sawdust  or  soil  moist. 
Examine  the  small  “garden”  from  day  to  day,  observing  the 
growth  of  the  seeds.  When  the  plants  are  several  inches  high, 
take  one  of  them  out  by  carefully  removing  the  soil  or  sawdust  from 
around  the  roots.  Examine  the  root  system,  make  a drawing  of  it, 
and  below  the  drawing  describe  its  appearance. 

( b ) If  a magnifying  lens  or  low-power  microscope  is  available, 
remove  another  plant  from  the  container  and  immediately  examine 
a small  branch  of  the  roots  to  see  the  fine  thread-like  projections,  or 
root  hairs,  which  extend  outward  from  the  root  branch  (Figure  28). 
Be  sure  to  soak  the  soil  or  sawdust  well  before  uprooting  the 


Fig.  28.  The  fuzzy  appearance 
of  the  roots  of  these  sprouting 
corn  and  bean  seeds  is  caused  by 
the  thread-like  root  hairs. 
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plants;  otherwise  the  root 
roots  well  and  examine  them 
find  it  necessary  to  examine 
root  hairs,  because  most  of 
removed  from  its  growing 
place.  Make  drawings  show- 
ing (1)  how  the  root  hairs 
are  attached  to  the  branches 
of  the  root  system  and  (2) 
how  the  root  hairs  cling  to 
fine  particles  of  soil. 

(c)  Dig  up  some  plants 
which  are  growing  in  a va- 
cant lot  or  field.  Be  care- 
ful to  secure  as  much  as 
possible  of  their  root  sys- 
tem. Obtain  a rough  meas- 
ure of  their  root  system  by 
measuring  the  length  of 
each  of  the  small  rootlets. 
Why  is  such  an  extensive 
root  system  necessary? 


hairs  will  be  broken  off.  Wash  the 
carefully  in  a drop  of  water.  You  may 
several  root  branches  before  finding  the 
them  are  broken  off  when  the  plant  is 


Roof  hair 


Fig.  29.  Cross  section  of  root,  highly 
magnified,  showing  cells  and  root  hairs. 


In  order  to  see  the  root  hairs  of  a plant  more  distinctly, 
carry  out  the  following  experiment. 


Experiment  4.  What  is  the  nature  of  the  root  hairs?  Place 
some  wet  blotting  paper  in  a saucer  or  Petri  dish;  then 
sprinkle  a dozen  mustard,  radish,  or  wheat  seeds  on  the  paper. 
Cover  the  dish  with  a glass  plate  to  prevent  loss  of  moisture,  and 
leave  it  in  a warm  place.  After  a few  days  examine  the  fine  root 
hairs  which  branch  out  from  the  tiny  roots,  giving  the  roots  the 
appearance  of  cotton.  If  a magnifying  lens  is  at  hand,  you  can 
place  it  directly  over  the  glass  plate  and  examine  the  root  hairs 
without  removing  them  from  the  dish. 

When  the  roots  are  placed  under  the  high  power  of  a com- 
pound microscope,  their  structure  can  be  plainly  seen  (Figure 
29) . Note  that  the  root  is  composed  of  tiny  box-like  structures 
or  cells.  Under  the  microscope  the  cells  appear  to  be  flat,  but 
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in  reality  they  have  three  dimensions,  length,  breadth,  and 
thickness.  You  will  find,  if  you  do  not  already  know  it,  that 
all  living  things  are  composed  of  cells.  Figure  29  shows  that 
long  tube-like  parts  of  the  cells  of  the 
roots.  They  are  not  divided  from  the 
root  cells  by  walls,  but  are  merely  ex- 
tensions of  these  cells.  If  you  could  ex- 
amine the  root  hairs  with  a powerful 
microscope,  you  would  find  that  they 
have  a very  thin  cell  wall  around  them. 
Inside  this  wall  is  a thin  layer  of  living 
substance  (the  plasma  membrane ) , within 
which  is  a thick  liquid  called  cell  sap. 
The  root  hair  is  the  structure  through 
which  the  plant  obtains  raw  materials 
from  the  soil.  The  process  by  which 
these  materials  pass  through  the  thin 
walls  and  membranes  is  called  osmosis. 

Experiment  5.  What  are  the  conditions 
necessary  for  osmosis  to  take  place?  (a) 
Carefully  break  away  the  shell  from  a small  area  of  the  large  end 
of  a hen’s  egg  without  breaking  the  membrane  which  is  just  under 
the  shell.  (See  Figure  30.)  Then  carefully  punch  a small  hole 
through  the  small  end  of  the  egg,  and  shake  all  of  the  white  and 
yolk  of  the  egg  from  the  shell.  When  this  is  done,  fill  the  egg  with 
molasses  water  made  of  one  part  molasses  and  one  part  water. 
Then  place  a glass  tube  over  the  small  hole  which  you  made,  and 
seal  it  in  position  with  sealing  wax.  Carefully  lower  the  egg  into 
a glass  of  water  and  let  it  stand  as  in  Figure  30  for  several  days, 
observing  what  happens.  (A  pig  bladder  may  be  used  satisfactorily 
as  a substitute  for  the  egg.) 

( b ) Repeat  part  (a)  of  the  experiment,  but  use  water  both 
in  the  egg  or  pig  bladder  and  in  the  glass.  Does  the  water  rise 
in  the  tube? 

( c ) Repeat  part  (a)  of  the  experiment,  using  a mixture  of  starch 
and  water  in  the  egg  and  water  in  the  glass.  (Starch  does  not  dis- 
solve in  water.)  What  results? 


the  root  hairs  are 
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Self-testing  exercise  6.  In  Experiment  5 three  sets  of  conditions 
are  obtained:  (1)  Water  and  sugar  are  separated  from  pure  water  by 
a membrane.  (2)  Pure  water  is  separated  from  pure  water  by  a mem- 
brane. (3)  Water  containing  a substance  that  will  not  dissolve  is 
separated  from  pure  water  by  a membrane. 

What  are  your  conclusions  as  to  the  con- 
ditions necessary  for  osmosis? 

In  the  experiment  the  tube  and  the 
membrane  of  the  egg  represent  the 
root  hair  of  a plant.  The  molasses 
represents  the  cell  sap,  and  the  water 
in  the  glass  represents  the  soil  water 
which  surrounds  a root  hair.  The  rise 
of  the  liquid  in  the  glass  tube  shows  you 
that  the  volume  of  the  liquid  inside  the 
egg  is  increasing.  The  water  from  the 
outside  permeates , that  is,  it  slowly  passes 
through  the  pores  in  the  membrane. 

The  water  of  the  sugar  solution  in  the 
egg  also  passes  out  through  the  mem- 
brane, but  much  more  slowly  than  the  water  passes  into  the 
egg.  The  result  is  therefore  an  increase  in  the  amount  of 
material  within  the  egg.  As  the  volume  inside  increases,  the 
liquid  is  forced  up  the  tube.  This  same  process  goes  on  in 
plants.  The  soil  water  goes  into  the  root  hair.  As  the 
volume  inside  gets  larger  and  larger,  the  liquid  is  forced  up- 
ward through  the  root  branches  into  the  stem  of  the  plant. 
Thus  you  see  one  method  of  bringing  water  from  the  soil 
into  the  plant  factory. 

You  have  seen  that  water  enters  the  roots  by  the  process  of 
osmosis.  Does  this  water  contain  other  materials? 

Experiment  6.  Are  there  dissolved  materials  in  the  water 
which  enters  the  plant?  (a)  Tie  a cloth  over  the  top  of  a lamp 
chimney  and  support  it  inverted  over  a tumbler  (Figure  31). 
Pour  in  coarse  sand  to  make  a layer  about  two  inches  thick.  Now 
add  fine  sand  to  a depth  of  two  inches.  Fill  the  remaining 
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space  with  soil.  Pour  in  distilled  water  at  the  upper  opening  of 
the  chimney,  and  collect  the  water  which  runs  through  into  the 
tumbler.  The  water  in  the  tumbler  will  now  be  similar  to  the  water 

in  the  ground. 

( b ) Pour  the  water  into 
an  evaporating  dish  and 
heat  it  on  a ring  stand  until 
the  water  disappears.  Ex- 
amine the  bottom  of  the 
evaporating  dish.  What  do 
you  find?  What  is  your  an- 
swer to  the  question  asked 
in  this  experiment? 

(c)  Now  try  this  check  ex- 
periment: Boil  distilled  water 
until  it  disappears.  What  do 
you  find  in  your  dish?  Con- 
clusion? 

A second  possible  source 
of  raw  materials  is  the  air. 
The  parts  of  the  plant 
which  come  in  contact 
with  the  air  are  the  leaves 
and  stem.  Does  air  enter  the  leaf?  If  so,  how?  If  a thin 
strip  of  a leaf  is  examined  under  the  microscope,  its  struc- 
ture can  be  seen  (Figure  32).  Like  the  root,  it  is  composed 
of  cells.  The  outer  layer  of  cells  form  what  is  called  the  epider- 
mis. It  is  through  the  epidermis  that  the  air  must  come  if 
it  enters  the  leaf. 

Experiment  7.  What  is  the  nature  of  the  epidermis?  Remove 
a small  bit  of  the  “skin”  from  the  under  side  of  a lily  leaf  or 
the  leaf  of  the  house  leek  and  place  it  under  a microscope  in  a drop 
of  water.  The  regular  epidermal  cells  are  more  or  less  rectangular- 
shaped. Here  and  there  you  see  pairs  of  crescent-shaped  cells  called 
guard  cells  (Figure  33).  The  openings  between  the  guard  cells  are 
called  stomata.  (The  singular  of  stomata  is  stoma.) 

How  are  the  raw  materials  brought  to  the  leaf?  Since  in 
most  green  plants  the  raw  materials  are  made  into  foods  in 


Fig.  32.  An  onion  leaf  under  a micro- 
scope shows  plainly  the  epidermal  cells 
and  the  stomata.  It  has  been  estimated 
that  a sunflower  leaf  of  medium  size 
contains  about  13  million  stomata. 
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the  leaves,  the  water  and  minerals  which  enter  the  root  hairs 
and  the  air  which  enters  the  leaf  through  the  stomata  must 
be  brought  together  inside  the  cells  of  the  leaf.  Certainly 
plants  must  have  some  forces  within 
them  which  bring  the  water  and 
minerals  from  the  roots  up  to  the 
leaves.  Some  plants  have  very  short 
stems;  so  the  raw  materials  need  to 
be  lifted  against  gravity  for  only  a 
short  distance  to  reach  the  leaves. 

In  the  case  of  tall  trees,  however, 
the  water  and  minerals  need  to  be 
lifted  great  distances. 

How  water  is  lifted  in  plants  is 
not  thoroughly  understood  by  scien- 
tists. They  are  sure  that  one  force 
is  osmotic  pressure.  This  is  the  force, 
you  know,  which  causes  the  water  of  the  soil  solution  to  go 
through  the  membranes  of  the  root  hairs  into  the  cell  sap.  It 
thus  increases  the  volume  of  the  sap.  As  the  volume  in- 
creases, the  liquid  is  forced  upward  through  certain  cells  in 
the  stem  of  the  plant. 

Another  factor  which  assists  in  the  passage  of  water  through 
the  plant  is  the  capacity  of  the  cell  walls  of  plants  for  absorb- 
ing water.  This  capacity  for  absorption  can  be  demon- 
strated by  the  following  experiment. 

Experiment  8.  What  effect  is  produced  when  dry  seeds  are 
soaked  in  water?  Obtain  a small  flower  pot.  Fill  the  pot  with  dry 
seeds  such  as  peas  or  beans.  Cover  the  top  of  the  pot  with  a brick, 
and  wire  this  firmly  in  place.  Place  the  flower  pot  in  a pail  of  water. 
Examine  the  pot  on  the  next  day.  What  happened? 

This  absorption  of  water  by  organic  materials  is  known  as 
imbibition , and  as  the  experiment  shows,  dry  organic  matter 
swells  with  considerable  force. 

It  can  also  be  shown  experimentally  that  water  is  con- 
stantly escaping  from  the  plant  through  the  stomata  and 


Fig.  33.  The  stomata  are 
tiny  openings  in  the  leaf. 
You  will  learn  more  of  the 
operation  of  these  guard 
cells  in  Unit  V. 
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evaporating  into  the  air.  This,  of  course,  means  that  the 
cell  walls  lose  part  of  their  moisture.  Through  a combina- 
tion of  the  forces  of  imbibition  and  osmosis,  water  is  thus 
pulled  from  the  adjacent  cells  to  make  up  for 
this  loss.  This  process  continues  from  cell 
to  cell  back  to  the  root  hairs.  Experiments 
have  indicated  that  these  two  forces  may 
easily  be  great  enough  to  lift  water  from  the 
soil  to  the  tops  of  the  highest  trees. 

The  rise  of  the  liquid  through  the  stems  of 
plants  can  be  clearly  shown  by  a simple 
experiment. 

Experiment  9.  Are  there  definite  parts  in  the 
stem  through  which  the  liquid  rises?  (a)  Cut  off 
the  stem  or  branch  of  a growing  tree,  such  as  a 
box  elder  or  willow,  and  place  the  cut  end  in  red 
ink.  The  next  day  cut  across  the  stem  and  note 
where  the  red  ink  has  been  passing  upward 
through  the  stem.  Does  the  liquid  rise  in  defi- 
nite places  or  all  through  the  stem? 

( b ) Repeat  (a),  using  the  stem  of  a lily,  a wheat 
plant,  or  a corn  plant.  What  difference  do  you 
note  in  these  plants  as  compared  with  what 
you  saw  in  the  plant  used  in  part  (a)? 

The  experiment  has  shown  that  the  liquid  travels  through 
definite  parts  of  the  stem.  The  tubes  which  carry  the  sap  up 
through  the  stem  are  called  tracheal  tubes , and  they  are 
arranged  in  groups  called  fibrovascular  bundles.  They  are 
really  long  cells  with  pits  or  holes  in  each  end.  In  some 
trees  these  cells  are  several  feet  in  length.  Sometimes  the 
end  walls  of  the  cells  are  broken  down  so  that  continuous 
tubes  from  ten  to  fifteen  feet  in  length  are  produced.  These 
holes  allow  the  sap  to  pass  from  one  cell  to  the  other  as  the 
different  forces  move  it  upward  to  the  leaves.  In  the  plants 
you  observed  in  part  (a)  of  Experiment  9 (the  box  elder  and 
willow),  the  fibrovascular  bundles  are  arranged  in  a ring 


Fig.  34.  Fibro 
vascular  bundles 
of  a celery  stalk. 


Fig.  35.  These  four  drawings  show  the  structure  of  the  various  parts  of 
the  plant  which  enable  it  to  carry  food  throughout  its  system. 
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around  the  stem  as  shown  in  Figures  35  and  36.  In  the  lily, 
wheat,  and  corn  plants  the  bundles  are  distributed  through 
the  stem  as  shown  in  Figure  37.  The  tubes  in  the  outer  part 


Fig.  36.  Cross  section  of  the 
stem  of  a cactus  plant  show- 
ing the  fibrovascular  bundles 
arranged  in  a circle.  (Photo 
by  G.  D.  Fuller.) 


Fig.  37.  Part  of  a sectional 
view  of  a corn  stem  showing 
the  scattered  fibrovascular 
bundles.  (Welch  Mfg.  Co. 
photo.) 


of  the  fibrovascular  bundle  carry  food  down,  while  those  on 
the  inner  side  of  the  bundle  carry  water  and  minerals  up.  As 
you  will  learn  in  a later  unit,  this  difference  in  the  arrange- 
ment of  the  fibrovascular  bundles  is  one  of  the  bases  for 
classifying  plants  into  groups. 

The  passage  of  the  sap  through  the  stem  and  the  leaves  can 
be  shown  by  an  experiment. 

Experiment  10.  Where  does  the  sap  pass  through  the  leaf?  (a) 

Obtain  some  leaves  of  lettuce  or  celery.  Place  the  lower  end  of  the 
stem  of  the  leaf  in  some  red  ink.  Examine  the  leaves  after  half  an 
hour.  Does  the  liquid  pass  through  definite  paths?  (To  insure  clear 
results,  the  lettuce  or  celery  should  be  crisp.) 

( b ) Obtain  green  leaves  and  examine  them  to  see  how  the  veins 
are  arranged.  Which  of  the  leaves  are  parallel-veined  (Figure  38), 
and  which  are  net- veined  (Figure  39)? 

The  sap  in  the  veins  passes  through  the  walls  of  the  veins 
into  the  cells  in  the  interior  of  the  leaf  by  the  process  of  os- 
mosis, of  which  you  have  already  learned. 
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Self-testing  exercise  6.  Arrange  the  following  terms  in  such 
order  that  they  will  show  the  route  and  the  process  through  which 
water  and  minerals  reach  the  leaf:  tracheal 
tubes,  osmosis,  soil,  roots,  imbibition,  root 
hairs,  veins,  fibrovascular  bundles,  interior 
of  leaf.  Osmosis  and  imbibition  may  be 
used  as  often  as  needed. 

How  is  the  process  of  food  manufac- 
ture carried  on  in  the  plant?  Exactly 
how  the  plant  leaf  manufactures  food 
is  not  known,  but  scientists  have 
learned  enough  so  that  we  can  under- 
stand the  general  nature  of  the  process. 

But  before  we  investigate  this  matter 
of  how  the  plant  makes  its  food,  we 
must  have  clear  in  our  minds  what  the 
scientist  has  discovered  about  the 
various  kinds  of  food. 

It  is  customary  for  us  to  classify  the 
foods  we  eat  as  vegetables,  fruits, 
nuts,  and  animal  products.  The  scientist,  however,  classifies 
them  on  the  basis  of  their  chemical  composition.  According 
to  his  method,  the  foods  man- 
ufactured by  plants  are  grouped 
in  three  classes:  carbohydrates , 
fats , and  proteins.  There  are  two 
common  kinds  of  carbohydrates, 
namely,  starches  and  sugars.  Each 
of  these  food  substances  contains 
carbon,  hydrogen,  and  oxygen, 
but  protein  contains  also  nitrogen, 
phosphorus,  and  sulphur.  The 
exact  nature  of  these  foods  and 
their  uses  will  be  discussed  in  Unit 
Fig.  39.  A net- veined  leaf  of  1 1.  In  this  unit  we  are  concerned 
the  poplar.  with  their  manufacture. 
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Let  us  see  by  an  experiment  just  what  conditions  are 
necessary  in  plants  for  the  manufacture  of  carbohydrates  to 
take  place. 

Experiment  11.  Under  what  conditions  will  leaves  manufacture 
carbohydrates?  (a)  Obtain  two  rapidly  growing  plants  such  as 
the  geranium  or  the  nasturtium.  Place  one  in  the  direct  sunlight. 
Place  the  other  in  a dark  place.  After  several  days  examine  the 
leaves  of  both  plants.  What  change  has  taken  place  in  the  leaves 
of  the  plant  which  was  kept  in  the  dark? 

(&)  Cut  a leaf  from  one  plant  while  it  is  in  the  sunlight,  and  a leaf 
from  a plant  that  has  not  been  exposed  to  sunlight  for  some  hours. 
Place  the  leaves  in  a dish  containing  alcohol.  Allow  them  to  remain 
until  they  are  colorless.  (The  process  can  be  hastened  by  heating.) 
Then  place  both  leaves  in  a solution  of  iodine.  If  there  is  starch 
present,  the  iodine  will  cause  the  leaf  to  become  purple.  Examine  the 
two  leaves.  Which  contains  the  more  starch? 

( c ) Cut  off  another  leaf  from  each  plant.  Place  each  leaf  in  a 
small  dish  and  cover  with  water.  Cut  the  leaves  into  small  bits 
while  under  water.  With  a small  stone,  grind  the  fragments  of 
leaves  so  that  the  sap  will  be  pressed  from  them.  Allow  the  liquid 
in  the  dishes  to  stand  for  from  15  to  20  minutes;  then  pour  off  the 
liquid  in  each  dish  into  a test  tube.  Add  about  1 cubic  centimeter 
of  Fehling’s  solution  to  each  tube,  and  boil.  A greenish  or  a 
yellow-red  color  shows  the  presence  of  sugar.  Results? 

( d ) Place  the  two  plants  in  the  sunlight  again,  and  the  next  day 
test  leaves  of  each  plant  for  starch.  Result? 

( e ) Place  both  plants  in  darkness  for  24  hours  and  again  test 
the  leaves  for  starch. 

Note  on  part  (a).  It  might  be  better  to  grow  one  plant  entirely 
in  the  dark,  in  which  case  the  leaves  will  be  white  or  yellowish 
white. 

Self-testing  exercise  7.  What  three  conclusions  can  you  draw 
from  this  experiment? 

The  green  material  which  gives  the  leaf  its  color  is  called 
chlorophyll.  To  the  naked  eye,  leaves  appear  to  be  solid 
green  in  color.  Let  us  see  what  the  microscope  shows  us 
about  the  source  of  color  in  leaves. 


HOW  DO  LIVING  THINGS  OBTAIN  FOOD? 


35 


Experiment  12.  How  is  the  chlorophyll  distributed  through 
the  leaf?  (a)  Obtain  leaves  of  a lily,  house  leek,  or  Elodea  and  ex- 
amine them  under  the  low  power  of  a compound  microscope. 
Observe  that  the  green  chlorophyll  is  not  distributed  uniformly 
throughout  the  leaf. 

(6)  Make  a thin  cross  section  of  a green  leaf  and  mount  it  in  a 
drop  of  water  on  a slide.  Cover  it  with  a cover  glass  and  study  it 
under  the  high  power  of  a compound  microscope. 


As  can  be  seen  from  the  cross  section  of  the  leaf  and  exam- 
ination of  Figure  40,  the  leaf  is  not  uniformly  green;  it  gets  its 


green  color  from 
the  chloroplasts 
which  are  scat- 
tered in  the  cells. 
(Chloroplast  is 
the  name  given 
to  the  special 
bodies  that  con- 
tain the  chloro- 
phyll.) 

The  cross  sec- 
tion and  Figure 
40  also  give  us 
an  idea  of  the  in- 
ternal structure 


Palisade  cells 


Epidermis 


Chloroplast 


Spongy  tissue  Vein 


citoma 


Upper  surface 
of  leaf 


Mesophyll 


—Epidermis 
Lower  surface 
1 of  leaf 


Fig.  40.  Cross  section  of  a lilac  leaf  under  the  high 
power  of  a microscope. 


of  the  leaf.  On  the  outside  of  the  leaf,  on  both  the  upper 
and  lower  surface,  is  a layer  of  epidermal  cells.  These  form 
an  outer  covering  for  the  protection  of  the  leaf.  Between 
the  lower  and  upper  epidermis  are  the  palisade  cells  and  the 
spongy  tissue  cells,  which  together  are  called  the  mesophyll 
of  the  leaf.  Here  and  there  you  can  also  see  the  ends  of 
the  veins  as  very,  very  small  branches  which  bring  the 
water  and  minerals  to  the  leaf.  Small  openings  in  the  epi- 
dermis, the  stomata,  allow  air  to  enter  the  leaf. 

When  we  think  of  a manufacturing  plant,  we  picture  in  our 
minds  a huge  building  with  chimneys  belching  forth  smoke 
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and  hundreds  of  workmen  engaged  in  operating  various  kinds 
of  machines.  In  general,  it  is  a picture  of  ceaseless  activity 
amid  the  roar  of  whirring  machinery.  It  is  thus  difficult  to 
see  how  the  common  green  plants  could  be  the  world’s  greatest 
factories ; they  do  not  present  the  same  picture  as  the  ordinary 
factory.  But,  they  are  like  factories:  They  use  raw  materials, 
change  them  into  new  products,  and  in  the  process  they  re- 
quire energy  and  machinery. 

As  we  have  seen,  the  process  of  food  manufacture  goes  on  in 
the  leaf.  Experiment  1 1 showed  us  that  light  and  chlorophyll 
are  necessary  for  the  manufacture  of  starch.  An  understand- 
ing of  the  process  of  food-making  depends  upon  an  under- 
standing of  the  part  played  by  chlorophyll  and  by  light. 
The  light  from  the  sun  is  one  kind  of  energy;  that  is,  it  has 
the  ability  to  do  work.  Heat,  as  you  know,  is  another  form  of 
energy.  When  heat  is  applied  to  the  boiler  of  a steam  engine, 
it  changes  water  to  steam,  and  steam  causes  the  wheels  of 
the  engine  to  turn.  The  source  of  the  energy  from  the  steam 
engine  is  thus  the  heat  energy  which  is  applied  to  the  boiler. 
Light  is  also  a kind  of  energy,  and  under  certain  conditions 
it  can  be  put  to  work. 

It  has  been  found  that  when  sunlight  is  passed  through 
chlorophyll,  certain  of  the  rays  which  compose  sunlight  are 
absorbed.  This  means  that  a certain  amount  of  energy  has 
been  taken  from  the  sunlight  by  the  chloroplasts.  These 
rays  furnish  the  energy  that  enables  the  chloroplasts  to  change 
the  raw  materials  into  carbohydrates.  The  chloroplasts 
may  therefore  be  thought  of  as  the  machinery  which  is 
run  by  the  energy  of  light.  In  this  process  the  light  energy  is 
changed  into  a new  kind  of  energy  (chemical  energy)  which 
is  stored  in  the  manufactured  food.  The  process  of  manu- 
facturing carbohydrates  from  carbon  dioxide  and  water 
under  the  influence  of  sunlight  is  called  photosynthesis , which 
means  putting  together  by  means  of  light  (“photo”  meaning 
light  and  “synthesis”  meaning  putting  together). 

When  the  proper  raw  materials  are  provided  and  the  plant 
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is  placed  in  the  sunlight,  the  factory  in  the  leaf  is  ready 
to  begin  operation.  To  explain  the  processes  which  take 
place  in  the  manufacture  of  carbohydrates,  you  must  know 
some  of  the  simpler  facts  of  chemistry. 

The  earth  on  which  we  live,  our  buildings,  automobiles, 
furniture,  and  ourselves  are  made  of  substances.  It  is  the 
business  of  the  chemist  to  examine  these  substances  and 
discover  what  they  are  made  of,  what  their  characteristics 
are,  and  how  they  behave  under  certain  conditions.  Through 
experimentation  the  chemist  has  discovered  that  some  ma- 
terials cannot  be  separated  into  simpler  materials.  These  he 
calls  elements.  For  example,  iron  is  an  element;  so  also  are 
gold,  aluminum,  copper,  zinc,  and  sulphur.  They  can  be 
broken  into  particles  too  small  to  be  seen  by  the  human  eye 
or  even  too  tiny  to  be  distinguished  by  the  most  powerful 
microscope,  but  still  they  are  not  changed.  They  can  be 
subjected  to  as  high  a temperature  as  man  can  produce,  and 
still  they  will  not  separate  into  simpler  materials.  Each 
particle  has  the  same  properties  as  those  of  the  larger  mass. 

On  the  other  hand,  there  are  certain  substances  which  can 
be  separated  into  simpler  substances.  These  the  chemist 
calls  compounds.  Sugar,  for  example,  is  a compound. 

Experiment  13.  Into  what  simpler  substances  can  sugar  be 
separated?  Place  a little  sugar  in  a test  tube  and  heat  it  over  a 
flame.  What  do  you  find  around  the  inside  of  the  tube  near  the 
top?  What  remains  in  the  bottom  of  the  tube? 

The  black  solid  at  the  bottom  is  carbon,  and  the  liquid  at 
the  top  is  water.  But  we  have  not  yet  discovered  all  the 
elements  of  which  sugar  is  made,  because  the  water  which 
appeared  is  also  a compound.  Chemists  have  been  able  to 
separate  it  into  two  simpler  materials,  hydrogen  and  oxygen 
(Figure  41).  Both  of  these  substances  are  colorless  gases. 
Hydrogen  is  very  light  in  weight  and  has  been  used  to  inflate 
balloons.  Oxygen,  you  know,  is  the  gas  in  the  air  which 
under  certain  conditions  causes  burning  to  take  place.  Since 
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neither  oxygen  nor  hydrogen  nor  carbon  can  be  separated 
into  simpler  substances,  they  are  elements.  Thus  we  see  that 
the  compound,  sugar,  is  made  up  of  three  elements — carbon, 

hydrogen,  and  oxygen. 

Chemists  are  also  interested  in 
bringing  about  chemical  changes 
and  in  discovering  their  nature. 
There  are  many  kinds  of  chemi- 
cal changes,  but  we  shall  discuss 
here  only  those  kinds  which  are 
necessary  to  understand  the  pro- 
cess of  food-making  in  plants. 
In  the  experiment  showing  the 
effect  of  heating  sugar  in  a test 
tube,  we  have  an  illustration  of 
one  kind  of  a chemical  change, 
that  of  decomposition.  You  re- 
member that  the  sugar  was  sep- 
arated into  simpler  materials, 
carbon  and  water.  When  mate- 
rials are  separated  into  simpler 
substances,  the  process  is  called 
decomposition.  This  experiment  also  illustrates  clearly  the 
nature  of  a chemical  change;  namely,  that  this  kind  of  change 
results  in  the  formation  of  new  substances  which  have  differ- 
ent properties  from  those  of  the  original  substance.  For 
example,  sugar  is  a white  solid  which  dissolves  easily  in 
water.  When  heated,  it  is  decomposed  into  carbon  and  water. 
Carbon  is  a black  solid  which  will  not  dissolve  in  water. 
Water  is  a colorless  liquid.  The  white  solid  is  thus  changed 
chemically  into  a black  solid  and  a colorless  liquid.  If 
an  electric  current  is  passed  through  the  water,  it  can  be 
decomposed  into  hydrogen  and  oxygen,  both  of  which  are 
colorless  gases. 

Another  kind  of  chemical  change  takes  place  when  two 
substances  combine  to  form  a new  substance.  For  example,  if 


Fig.  41.  By  passing  an  electric 
current  through  water,  the  water 
is  decomposed  into  the  gases, 
hydrogen  and  oxygen. 
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hydrogen  is  burned,  it  combines  with  oxygen  and  forms  water. 
Water  has  properties  entirely  different  from  either  hydrogen 
or  oxygen:  It  is  a liquid,  which  you  can  see,  while  hydrogen 
and  oxygen  are  invisible  gases.  Furthermore,  water  will 
not  burn,  while  hydrogen  burns  easily.  Another  result  of 
this  type  of  chemical  change  is  our  common  table  salt,  which 
is  made  up  of  sodium  and  chlorine.  Now  the  element  sodium 
is  a soft,  bright,  silvery,  poisonous  metal.  The  element 
chlorine  is  a yellowish-green  poisonous  gas.  In  combination 
these  two  elements  form  white  crystals,  which,  far  from  being 
poisonous,  are  one  of  the  necessities  of  life. 

Self-testing  exercise  8.  Why  are  the  following  examples  types 
of  chemical  changes?  Decay  of  wood,,  souring  of  milk,  digestion 
of  food  in  the  body,  and  spoiling  of  food. 

Now,  keeping  clearly  in  mind  what  an  element  is,  what  a 
compound  is,  and  the  nature  of  the  chemical  changes,  com- 
bination and  decomposition,  let  us  see  how  the  green  plant 
manufactures  these  two  food  substances,  starch  and  sugar — 
compounds  called  carbohydrates. 

First,  what  are  the  raw  materials  with  which  the  plant 
must  work?  Water  is  one;  carbon  dioxide  is  the  other.  Both 
are  compounds.  Through  the  root  hairs  and  roots,  up  the 
stem,  and  into  the  cells  of  the  leaf  comes  the  water.  Through 
the  tiny  holes  in  the  leaf,  the  stomata,  comes  the  carbon 
dioxide  in  with  air.  Now  the  greatest  factory  in  the  world 
sets  to  work.  The  energy  from  the  sun’s  rays  furnishes  the 
power,  and  the  chloroplasts  are  the  machines.  In  some 
wonderful  way  the  green  chloroplasts  with  the  aid  of  the 
sun’s  rays  bring  about  a combination  of  the  carbon  dioxide 
and  the  water  into  a new  compound,  a carbohydrate  which 
we  call  sugar,  made  up  of  the  three  elements  carbon,  hydro- 
gen, and  oxygen. 

In  Experiment  11  you  found  starch  in  a green  leaf  after 
photosynthesis  had  been  going  on  for  some  time.  Sugar  is 
probably  formed  first  in  the  process,  but  it  dissolves  in  the  sap 
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of  the  cell.  Practically  as  fast  as  sugar  is  formed,  it  is  changed 
into  starch  in  the  cells.  It  is  stored  in  the  leaf  or  in  some  other 
part  of  the  plant,  such  as  the  root,  stem,  or  seed,  until  it  is 
needed  by  the  plant  (Figure  42). 

Even  after  years  of  patient  study  by  trained  scientists, 
we  only  partly  understand  just  how  the  plant  brings  about 

these  chemical  changes.  Re- 
cently an  English  scientist  has 
been  able  to  manufacture  sugar 
from  carbon  dioxide  and  water. 
The  sugar  so  produced,  how- 
ever, cost  more  than  an  equiva- 
lent weight  in  diamonds.  The 
exact  process  of  photosynthesis 
still  remains  one  of  Nature’s 
great  secrets.  And  yet,  these 
carbohydrates  constitute  the 
most  widely  found  class  of 
foods  upon  which  living  things 
depend  for  their  existence. 

The  exact  details  of  protein  manufacture  by  the  plant  are 
not  known.  Proteins  are  compounds  containing  nitrogen  and 
usually  small  amounts  of  sulphur  and  phosphorus,  in  addition 
to  carbon,  hydrogen,  and  oxygen.  Apparently  there  is  no 
definite  part  of  the  plant  which  specializes  in  the  manufacture 
of  proteins.  Proteins  are  formed  by  the  combination  of 
nitrogen,  sulphur,  and  phosphorus  with  the  carbohydrates. 
Neither  light  nor  chlorophyll  is  necessary,  and  it  is  thought 
that  any  living  cell  may  manufacture  proteins.  In  most  of 
the  plants  nitrogen,  sulphur,  and  phosphorus  enter  the  plant 
through  its  roots  in  the  form  of  minerals.  Certain  plants,  like 
clover,  peas,  and  alfalfa,  obtain  their  supply  of  nitrogen  from 
the  air. 

Still  less  is  known  about  the  formation  of  fats  by  the 
plants.  They  contain  the  same  three  elements  as  the  carbo- 
hydrates (carbon,  hydrogen,  and  oxygen),  but  in  different 
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Fig.  42.  Under  a high-power 
microscope  the  cells  with  their 
stored  starch  grains  look  like  this. 
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Fig.  43.  This  great  flour  mill  is  not  really  manufacturing  foods.  It 
is  merely  changing  into  usable  form  foods  that  have  already  been 
manufactured  by  the  wheat  plant.  (Ewing  Galloway  photo.) 


proportions.  They  are  probably  manufactured  from  the 
carbohydrates.  Fats  are  stored  in  seeds  and  grains  and 
are  changed  to  soluble  materials  when  needed  by  the  plant. 
They  may  occur  in  either  solid  or  liquid  form  in  the  cell. 
We  obtain  many  vegetable  oils,  such  as  olive  oil,  cottonseed 
oil,  cocoa-butter,  corn  oil,  linseed  oil,  and  cocoanut  oil  from 
plants. 

Where  is  the  world’s  food  supply  manufactured?  Probably 
the  first  answer  which  comes  to  your  mind  is,  “The  world’s 
food  supply  is  manufactured  in  our  mills,  our  canning  fac- 
tories, our  sugar  refineries,  and  other  industrial  plants  of 
like  character.”  If  you  will  reflect  a moment,  you  will  find 
that  each  one  of  these  factories  starts  with  materials  already 
in  the  form  of  foods.  Grains,  fruits,  vegetables,  meats,  and 
dairy  products  furnish  the  raw  products  which  are  refined, 
preserved,  stored,  or  changed  into  new  products.  Tracing 
back  the  source  of  food  one  step  farther,  we  find  that  plants 
and  animals  are  our  sources  of  food.  All  animals,  however, 
obtain  their  food  either  directly  or  indirectly  from  plants. 
Those  animals  which  feed  only  on  other  animals  of  course  get 
their  food  directly  from  animals,  but  the  animals  which  they 
eat  obtain  their  food  from  green  plants. 

Animals  are  unable  to  use  for  food  the  raw  materials  found 
in  the  air,  the  soil,  and  water.  As  a matter  of  fact,  the  green 
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plant  does  not  use  these  raw  materials  for  food,  but  it  is 
able  to  take  these  raw  materials  and  manufacture  food  from 
them  which  is  usable  by  the  plant.  A great  city  with  its 
thousands  of  factories  and  mills  is  truly  a marvelous 
testimonial  of  man’s  progress  in  adapting  the  forces  and 
materials  of  Nature  to  his  uses.  But  the  greatest  industry 
in  the  world  is  carried  on  by  Nature  in  the  leaf  of  the  green 
plant.  The  leaf  of  the  green  plant  is  really  the  factory  in  which 
the  entire  food  supply  of  the  world  is  manufactured. 


Self-testing  exercise  9.  Make  a table  in  which  you  will  compare 
a green  plant  to  some  kind  of  a factory.  Use  the  form  that  is  shown 
below. 


Processes  and  Materials 

Plant 

Factory 

Raw  materials 

Source  of  energy 

Principal  parts  of  factory 

Machinery  used 

Products  made 

How  products  are  stored 

Uses  of  products 

How  do  plants  which  cannot  manufacture  food  get  their 
food  supply?  It  is  clear  from  what  you  have  just  read  that 
only  plants  which  contain  chlorophyll  can  manufacture  foods. 
This  wonderful  substance,  about  whose  workings  we  know 
so  little,  has  a monopoly  on  the  manufacture  of  carbohydrates, 
the  basic  foods.  Yet,  there  are  plants  which  contain  no 
chlorophyll.  From  where  does  their  food  come?  The  answer 
is  that  they,  like  the  animals,  must  find  food  that  has  already 
been  manufactured  by  green  plants. 

Can  you  think  of  any  plants  that  are  not  green?  You 
have  all  seen  mushrooms  and  puffballs.  Notice  also  the 
plant  shown  in  Figure  44.  These  plants  belong  to  a class 


HOW  DO  LIVING  THINGS  OBTAIN  FOOD? 


43 


known  as  saprophytes.  They  obtain  food  from  decayed  or 
dead  plants  and  animals  or  from  food  materials  manufactured 
by  man  from  plants  and  animals.  You  are  probably  familiar 
with  one  of  the  common  plants  of  the  saprophyte  variety,  the 
bread  mold.  Let  us  examine  some  bread  mold  under  the 
microscope  in  order  that  we  may  see  its  structure. 

Experiment  14.  How  does  bread  mold  come  in  contact  with 
its  food  supply?  (a)  Moisten  a slice  of  bread.  Expose  it  for 
half  an  hour  to  the  air,  preferably  in  a kitchen  or  in  some  other 
warm  place.  Place  it  in  a fruit  jar  or 
dish  so  that  the  bread  will  remain  moist, 
and  keep  it  in  a warm  place.  Examine 
it  from  day  to  day.  What  happens? 

(&)  Remove  the  bread  from  the  dish 
and  examine  the  mold.  Notice  the  tiny 
threads,  hyphae.  which  form  a delicate, 
tangled  network  {mycelium). 

The  bread  mold  gets  its  food 
through  certain  of  these  hyphae 
which  grow  down  into  the  bread. 

The  food  passes  into  the  cells  of  the 
hyphae  by  the  process  of  osmosis 
(page  26)  just  as  the  water  and  min- 
erals pass  into  the  root  hairs.  But 
remember  this  important  difference: 

The  root  hairs  are  taking  in  mate- 
rials to  be  manufactured  into  foods; 

the  hyphae  are  taking  in  foods  that  ^FieldMuseumphotoT 
were  manufactured  by  some  living, 

green  plant.  Bread  mold  is  but  one  of  the  many  kinds  of 
molds.  Molds  grow  on  leather,  paper,  canned  fruits,  meats,  in 
fact,  on  nearly  every  substance  from  which  they  can  extract 
food.  Not  all  of  these  plants  have  special  parts  for  getting 
food.  The^veast  plant,  for  example,  is  simply  a single  cell. 
The  food  of  the  yeast  plant  passes  directly  through  the  walls 
of  the  cell  by  osmosis. 
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Fig.  45.  How  the  dodder  plant  gets  its  food. 


There  are  also  many  plants  which  obtain  their  food  from 
. Jiving  green  plants.  These  are  called  -fiar-asUe$.  One  of  the 
commonest  plants  of  this  kind  is  the  dodder,  which  can  be 

recognized  by  its  yel- 
low leaves  and  yellow 
twining  stems.  Its  seed 
develops  into  a new 
plant  just  like  other 

^Dodder plant  plants,  but  the  upper 

below  point  of  c A i 

attachment  portion  of  the  Stem, 

if  it  comes  in  contact 

with  the  stem  of  an- 
other plant,  twines  it- 
self around  this  twig  and  sends  sucking  root-like  growths,  or 
haustoxia,  into  the  twig  (Figure  45).  Through  these  hausto- 
ria  it  obtains  both  food  and  water.  If  its  upper  stem 
does  not  encounter  the  twig  of 
another  plant,  the  dodder  dies 
after  a few  weeks.  Smuts,  rusts, 
mildews,  and  blights,  so  injur- 
ious to  many  of  our  food  crops 
like  potatoes,  apples,  and  wheat, 
are  also  parasites. 

Many  plants  obtain  their  food 
from  living  animals;  that  is, 
they  are  animal  parasi tes . A 
certain  kind  of  water  mold  gets 
its  food  from  the  bodies  of  living 
fishes.  This  mold  often  causes 
great  damage  to  fishes.  Perhaps 
the  commonest  plants  of  this 
sort  are  the  bacteria  (Figure  47). 

These  exceedingly  small  para- 
sites are  found  in  all  animals.  Some  of  them  are  helpful  to 
the  animal  in  assisting  the  process  of  digestion,  and  some  of 
them  are  harmful,  causing  diseases.  Like  other  parasites, 


Fig.  46.  Perhaps  you  have  seen 
these  shelf-like  parasitic  growths 
on  trees.  They  are  called  fungi. 
(Geo.  T.  Hillman  photo.) 
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they  get  their  food  from  the  host^  (the  animal  upon  which 
they  feed)  by  the  process  of  osmosis.  They  cannot  make  their 
own  food,  as  the  green  plants  do. 


Suggested  Activity.  Find  as  many  dependent  plants  as  you 
can  at  home  or  in  the  woods.  Make  a list  of  the  different  kinds 
which  you  find  and  of  the  kinds  of  material  upon  which  you  find 
them  growing.  If  you  do  not  know  the 
name  of  the  plant,  bring  it  to  school  and 
show  it  to  your  teacher. 

Self-testing  exercise  10.  Compare  inde- 
pendent plants  with  dependent  plants. 

Self-testing  exercise  11.  If  we  com- 
pare plants  and  animals  in  regard  to  the 
food-getting  problem,  we  find  that  in  many 
respects  their  problems  are  alike,  and  in 
some  respects  they  are  unlike.  Compare 
the  food  problem  of  plants  and  animals. 

In  doing  this,  first  decide  the  bases  on 
which  you  are  going  to  compare  them. 

For  example,  the  need  for  food  is  one 
basis  of  comparison. 


Fig.  47.  Various  kinds 
of  bacteria:  04)  typhoid, 
(B)  tuberculosis,  ( C ) 
pus  forming.  (D)  nitro- 
gen-fixing, ( E ) common 
in  water. 


Additional  Exercises 

1.  From  your  general  observation  of  the  habits  of  animals, 
supply  additional  illustrations  for  each  of  the  methods  employed 
by  carnivorous  animals  in  getting  food. 

2.  Take  a field  trip  to  a near-by  vacant  lot  or  woods.  Observe 
insects  and  other  animals  eating.  Catch  the  animals  and  also 
secure  some  of  the  food  which  they  eat.  Bring  the  animals  to  class 
or  take  them  home.  Observe  how  they  eat,  and  write  as  detailed 
a report  as  you  can  of  their  method. 

3.  Observe  domesticated  animals,  such  as  the  cat,  dog,  horse, 
cow,  pig,  sheep,  duck,  pigeon,  or  chicken.  Write  a detailed  report 
describing  how  they  eat  and  drink. 

4.  Some  plants,  such  as  Venus’s  flytrap,  the  sundew,  and  the 
pitcher  plant,  are  carnivorous.  Prepare  a report  on  carnivorous 
plants.  Make  drawings  to  show  how  they  capture  their  food. 
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6.  Visit  a zoo  at  feeding  time  and  observe  how  different  kinds  of 
animals  eat. 

6.  Some  animals,  such  as  the  bee,  ant,  beaver,  and  squirrel, 
store  food.  Find  how  and  where  they  store  their  food. 

7.  Insects  vary  widely  in  their  methods  of  getting  food.  Write 
a report  on  the  different  methods  used. 

8.  Make  a list  of  the  food  materials  in  a piece  of  pie.  Then 
give  the  story  of  how  each  food  material  was  produced,  manu- 
factured, transported,  etc.,  in  order  that  it  might  be  made  avail- 
able to  you. 

9.  Write  a short  paper  on  “Characteristic  Foods  of  Other 
Lands.’’  Your  paper  should  include  some  explanation  of  why 
these  particular  foods  are  so  commonly  used  in  those  lands. 


UNIT  II 

HOW  DO  LIVING  THINGS  USE  FOOD? 

Preliminary  Exercises 

1.  The  kinds  of  foods  which  animals  eat  depend  upon  such  factors 
as  those  listed  below.  Choose  any  wild  animal  you  wish  as  an 
example,  and  show  whether  or  not  each  factor  helps  to  determine 
what  the  animal  eats. 

(а)  The  kind  of  animal 

(б)  The  season  of  the  year 

(c)  The  age  of  the  animal 

( d ) The  kind  of  environment 

(e)  The  structure  of  the  animal 

(/)  The  kind  of  food  eaten  by  its  parents 
(g)  The  kind  of  food  that  is  available 

2.  Most  food  eaten  by  animals  must  be  broken  into  small  pieces 
before  it  can  be  digested.  State  two  reasons  why  this  is  true. 

3.  Below  you  will  find  listed  the  different  processes  through 
which  food  passes  in  the  human  body  before  it  is  available  to  the 
cells.  Write  these  processes  in  the  order  of  their  occurrence. 

Acted  upon  by  the  pancreatic  juice 
Broken  into  small  pieces  by  the  teeth 

Absorbed  by  the  blood  vessels  in  the  walls  of  the  intestine 
Acted  upon  by  the  gastric  juice 
Circulated  through  the  body  by  the  blood 
Acted  upon  by  the  saliva 

Passed  through  the.  walls  of  the  blood  vessels  to  the  lymph 
Absorbed  by  the  cells  of  the  body 

4.  State  four  purposes  which  food  serves  in  living  things. 

5.  In  your  notebook  copy  the  words  listed  below.  Place  a plus 
sign  (+)  after  the  name  of  the  body  parts  used  to  excrete  waste 
materials,  and  a minus  sign  ( — ) after  those  not  so  used. 

heart  liver  brain  eyes  large  intestine  skin 

kidneys  stomach  nose  mouth  sweat  glands  lungs 
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6.  The  words  listed  below  will  be  used  in  this  unit.  Write 
definitions  for  those  whose  meaning  you  understand. 


respiration 

calorie 

mammal 

duct 


enzyme 

villi 

capillary 

lymph 


vitamin 

protoplasm 

diffuse 

spiracle 


lenticel 

hibernate 

digestion 

tissue 


7.  Below  is  a series  of  ten  statements,  some  of  which  are  true 
and  some  of  which  are  false.  Write  the  numbers  of  the  state- 
ments, and  place  a plus  sign  (true)  or  a minus  sign  (false)  after 
each  number  according  to  whether  the  statement  so  numbered 
is  true  or  false. 

1.  We  should  chew  food  only  because  chewing  makes  it  taste 
better. 

2.  Foods  are  sometimes  cooked  to  prevent  them  from  spoiling. 

3.  The  stomachs  of  animals  are  organs  in  which  some  of  the 
food  is  stored  for  later  use. 

4.  Digestion  is  a process  which  goes  on  in  cells  of  higher 
animals. 

5.  Animal  foods  need  not  be  digested  by  human  beings,  because 
they  are  composed  of  the  same  elements  as  those  that  make 
up  the  human  body. 

6.  Foods  are  changed  chemically  in  the  process  of  digestion. 

7.  The  same  blood  stream  carries  both  food  materials  and 
waste  materials. 

8.  Water  is  classed  as  a food. 

9.  Food  is  more  important  to  man  than  air  and  water. 

10.  Some  foods  are  more  easily  digested  than  others. 


The  Story  of  Unit  II 

Unit  I has  given  you  the  idea  that  all  living  things,  whether 
plant  or  animal,  spend  much  time  taking  food.  Why  does 
the  organism  need  food?  What  happens  to  the  food  taken 
by  living  things? 

Perhaps  you  have  noticed  by  the  side  of  a stream  or  in  a 
field  a great  smooth  boulder  that  seemed  out  of  place.  There 
were  no  other  rocks  around  it,  or  it  was  a different  kind  of  stone 
from  others  near  by.  You  may  have  wondered  where  it  came 
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from  and  how  it  got  there.  Of  one  thing  you  may  be  sure:  The 
stone  did  not  bring  itself  there;  it  was  brought  by  some  outside 
force  such  as  a glacier,  a landslide,  or  running  water.  And 
if  you  should  watch  this  boulder  every  day  for  the  rest  of 
your  life,  you  would  never  see 
it  do  anything  by  itself.  It 
would  not  eat,  move,  or  make 
a noise.  It  would  just  lie 
there.  In  some  respects  it  is 
like  a plant  or  animal;  it  has 
weight,  it  occupies  space,  it  is 
made  of  certain  materials.  If 
you  were  asked  to  state  the 
most  important  difference  be- 
tween this  stone  and  an  animal, 
you  would  probably  say,  “The 
animal  is  alive,  while  the  stone 
is  not.”  If  you  were  asked  to 
explain  “life,”  you  would  prob- 
ably find  it  difficult  to  give  a 
satisfactory  explanation.  What  life  is  we  cannot  say,  but  we 
do  know  that  living  things  can  carry  on  certain  activities, 
while  non-living  things  cannot.  If  you  were  asked  what 
kinds  of  activities  living  things  carry  on,  what  would  your 
answer  be? 

It  is  because  living  things  carry  on  activities  that  they  need 
food.  The  stone  does  not  need  food;  it  has  nothing  to  do; 
there  is  nothing  it  can  do.  You  and  I,  and  the  other  living 
things  in  the  world,  on  the  other  hand,  are  ever  in  a state  of 
activity  because  the  conditions  under  which  we  live  are  such 
that  we  must  constantly  be  doing  something  in  order  to  keep 
alive.  All  of  these  activities  of  living  things  cannot  continue 
many  hours  without  a supply  of  food. 

You  have  heard  of  persons  who,  lost  in  the  forest  or  desert 
without  food  supplies,  became  so  weak  that  they  could  not 
walk  or  even  crawl.  In  some  of  these  cases  of  near  starvation 
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a little  food  soon  brings  the  persons  back  to  the  ability  to 
move  and  to  carry  on  other  activities.  The  food  in  some  way 
gives  the  energy  or  power  to  move  about  and  do  the  things 
which  normal  persons  do.  How  does  the  food  furnish  the 

energy  needed  for  activ- 
ity? Are  foods  used  by 
living  things  only  to 
supply  energy?  We  shall 
see,  in  Problem  1,  just 
what  a food  is  in  terms 
of  what  it  does  for  living 
things. 

If  you  looked  at  a 
part  of  your  flesh  or  nail 
or  bone  under  a micro- 
scope, you  of  course 
would  not  expect  to  see 
little  bits  of  potato, 
oatmeal,  ice  cream,  or 
bread.  And  yet,  these 
may  be  some  of  the 
foods  you  eat.  Surely 
the  food  you  eat  must 
be  changed  by  the  body 
before  it  is  made  into 
human  blood,  bone,  muscle,  and  nerves.  You  recall  from 
Unit  I that  plants  take  carbon  dioxide,  water,  and  minerals 
and  change  them  into  carbohydrates,  wood,  cork,  bark,  and 
other  materials.  Just  how  do  living  things  change  food  so 
that  they  can  use  it  in  the  various  ways  needed  to  carry 
on  their  activities? 

Many  persons  know  so  little  about  their  own  bodies  that 
they  believe  the  food  is  used  by  the  stomach  and  the  intestines. 
This  is,  of  course,  not  true.  The  food  is  used  by  the  millions 
of  tiny  cells  of  which  the  body  is  composed.  Cells,  however, 
cannot  go  for  their  food,  and  it  is  therefore  necessary  that 


Fig.  49.  In  the  bodies  of  these  baby  war- 
blers the  worms  and  insects  brought  by 
the  mother  will  be  changed  to  provide  ma- 
terials for  feathers,  muscle,  bone,  and 
other  tissue.  (L.  W.  Brownell  photo.) 


HOW  DO  LIVING  THINGS  USE  FOOD? 


51 


the  body  have  a method  of  delivering  it  to  the  cells.  This  is 
true  not  only  of  man  but  also  of  other  living  things.  You 
will  find,  as  you  study  the  problems  of  this  unit,  that  dif- 
ferent kinds  of  living  things  have  their  own  methods  of 
bringing  this  about. 

When  the  food  reaches  the  cells,  chemical  changes  take 
place  in  it,  depending  upon  the  uses  to  which  it  is  put.  As  a 
result,  certain  waste  products,  such  as  carbon  dioxide  and 
ashes,  are  produced.  In  other  words,  living  things  are  some- 
what like  machines.  A machine  such  as  the  steam  engine 
requires  coal  to  produce  steam.  As  the  coal  burns,  it  pro- 
duces wastes.  If  these  wastes  are  not  removed,  the  fire  will 
go  out.  In  the  bodies  of  living  things,  wastes  must  also 
be  removed,  or  the  efficiency  of  the  body  will  be  lowered. 
To  understand  this  process  of  waste  removal  you  must  be 
able  to  answer  two  questions:  (1)  What  kinds  of  wastes  are 
produced  in  the  body?  and  (2)  How  is  each  kind  of  waste 
removed? 

The  problems  which  you  will  solve  in  this  unit  will  provide 
you  with  the  answers  to  the  questions  raised  in  this  Story. 
Before  you  begin  to  study,  think  of  other  problems  which  you 
would  like  solved  and  see  if  they  too  cannot  be  answered. 

Problem  1:  What  Factors  Determine  the  Kinds 
of  Food  Needed  for  Life? 

What  characteristics  must  a material  possess  to  be  a food? 

Study  Suggestion.  In  the  following  paragraphs  is  a description 
of  the  activities  and  processes  of  living  things  which  make  food 
necessary.  When  you  have  finished  reading  these  paragraphs,  you 
should  be  able  to  make  a definition  for  food  which  will  include  all 
the  uses  foods  serve  in  living  things. 

Observation  of  the  activities  of  animals  leaves  one  with 
the  impression  that  the  kinds  of  activities  in  which  they 
engage  are  limitless.  Animals  can  run,  swim,  climb,  fly, 
bark,  whistle,  talk,  kill,  search  for  food,  play,  fight,  eat,  drink, 
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and  pursue  or  flee  from  their  enemies.  All  of  these  activities 
are  dependent  upon  the  movement  of  wings,  fins,  legs,  tails, 
or  other  external  parts  of  animals.  In  addition  to  these 
external  movements  animals  also  carry  on  processes  within 
their  bodies  which  require  movements  of  their  internal  struc- 
tures. For  example,  the  muscles  of  the  heart,  as  well  as  the 
muscles  which  control  breathing  and  the  action  of  the  stomach 
and  intestines,  are  in  a state  of  constant  motion.  This  power 
of  independent  movement  is  one  of  the  characteristics  in 
which  living  things  differ  from  non-living  things. 

If  you  will  observe  the  world  around  you,  you  will  find  it 
full  of  moving  things.  Clocks,  automobiles,  boats,  elevators, 
locomotives,  motors,  street-cars,  clouds,  windmills,  streams, 
smoke,  and  many  other  things  are  in  constant  motion.  None 
of  these  things  can  move,  however,  unless  the  force  of  steam, 
of  exploding  gas,  of  electricity,  of  gravity,  or  of  some  living 
thing  sets  it  in  motion.  That  is  to  say,  some  force,  some 
form  of  energy,  is  always  necessary  to  produce  movement. 
This  is  true  for  living  things  as  well  as  for  mechanical  things. 
If  you  will  try  to  push  a stick  into  the  ground  any  great 
distance,  you  will  see  that  a great  amount  of  energy  is  needed. 
When  a tree  forces  its  roots  through  the  soil  or  sends  its 
hundreds  of  pounds  of  trunk  and  branches  into  the  air,  energy 
is  used.  So  too,  when  animals  move  about,  energy  is  used  by 
the  muscles  to  move  the  legs,  fins,  wings,  or  other  parts  which 
make  possible  running,  walking,  flying,  swimming,  and  climb- 
ing. Other  movements  in  the  body,  such  as  those  of  the  heart 
and  breathing,  also  require  energy. 

The  body  has  often  been  called  the  “human  machine.” 
Let  us  consider  the  human  machine  in  relation  to  some 
machines  with  which  we  are  familiar.  The  steam  engine 
gets  its  energy  from  burning  coal  and  air,  the  gasoline  engine 
from  burning  or  exploding  gas  mixed  with  air,  and  the  electric 
motor  from  electricity  produced  by  a generator  run  by  water 
power  or  by  power  from  burning  coal.  In  living  things  the 
energy  must  also  come  from  some  source  outside  the  body. 
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Fig.  50.  Every  moving  thing  must  have  a source  of  energy  to  produce 
movement.  What  produces  the  energy  for  each  of  the  objects  in 
this  picture?  Can  you  trace  each  form  of  energy  back  to  the  sun? 

A living  thing  cannot  go  on  moving  for  a long  time  without 
a new  supply  of  materials  to  use  as  a source  of  energy.  The 
sources  of  energy  for  living  things  are  those  materials  which 
we  call  foods.  They  serve  the  same  purpose  in  the  body  of  a 
living  thing  as  the  fuel  oil  or  coal  in  a steam  engine.  How 
energy  is  obtained  from  food  is  a problem  which  you  will 
solve  later  in  the  unit. 

One  should  not  get  the  idea  from  the  preceding  paragraph 
that  the  food  taken  into  the  living  thing  is  used  only  to  pro- 
duce energy.  Let  us  again  consider  the  steam  or  electric 
engine.  Every  time  one  of  these  engines  moves,  there  is  a 
certain  amount  of  wearing  away  of  the  materials  of  which  the 
engine  is  made.  In  the  steam  engine  the  terrific  heat  alone  is 
a cause  of  wear.  Almost  constantly  machinists  must  keep 
at  work  repairing  broken  parts  and  replacing  worn-out  ones. 
So,  too,  with  the  human  machine,  because  of  its  ceaseless 
movement  or  activity,  there  is  a constant  wearing  away  of 
the  body  materials.  These  must  be  replaced.  But  the  human 
machine  is  its  own  machinist.  It  is  more  than  a machinist; 
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it  is  a chemist.  The  human  machine  takes  some  of  the  food 
which  goes  into  its  body  and  builds  it  up  into  new  materials 
to  replace  those  which  are  being  broken  down  by  its  ceaseless 
activity.  We  may  therefore  add  another  answer  to  the  ques- 
tion of  our  problem — another  part  of  the 
definition  of  food.  How  will  you  state  it? 

Another  process  which  requires  certain 
materials  is  that  of  growth.  When  you 
first  came  into  this  world,  you  probably 
weighed  less  than  ten  pounds  and  were 
not  over  twenty  inches  in  height.  Today 
you  may  be  ten  times  as  heavy  and  three 
times  as  tall.  If  you  observe  the  rest  of 
the  living  world,  you  will  discover  that 
you  are  not  the  only  living  thing  which 
can  grow.  A grain  of  corn  becomes  a tall 
plant  in  a few  months,  and  a little  puppy 
soon  attains  the  size  of  its  parents.  Growth, 
as  you  will  see  in  a later  unit,  is  brought 
about  by  increase  in  the  size  of  cells  and 
the  addition  of  new  cells  in  the  body.  Any 
substance  which  can  be  used  to  build  new 
living  material  is  a food. 

You  have  just  read  that  among  the  foods 
used  by  living  organisms  there  must  be 
those  that  contain  certain  building  materi- 
als. We  cannot  clearly  understand  what 
these  needed  building  materials  are  unless 
we  know  what  the  living  organism  is  made 
of.  If  you  are  going  to  make  a model  airplane  or  bake  a 
cake,  you  must  know  what  materials  to  use. 

Let  us  pause,  then,  and  ask  the  chemist  to  analyze  for 
us  a living  organism.  Let  us  see  what  it  is  made  of;  then 
we  can  better  understand  what  building  materials  must  -be 
contained  in  food.  We  shall  take  the  human  body  as  an 
example.  Table  1 shows  us  how  the  chemist  analyzes  the 


Fig.  51.  Food  fur- 
nished the  materials 
for  the  stalks,  leaves, 
and  other  parts  of 
this  giant  corn  plant 
which  began  life  as 
a small  seed. 
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TABLE  1.  Composition  of  a 150-Pound  Man 


Element 

Per  Cent 

Pounds 

Cubic  Feet 

Oxygen 

65 

97.5 

1081.00 

Carbon 

18 

27.0 

. 11 

Hydrogen 

10 

15.0 

2642.50 

Nitrogen 

3 

4.5 

59.90 

Calcium 

2 

3.0 

0.03 

Phosphorus 

1 

1.5 

0.21 

Potassium 

0.35 

0.525 

0.009 

Sulphur 

0.25 

0.375 

0.002 

Sodium 

0.15 

0.225 

0.003 

Chlorine 

0.15 

0.225 

1.11 

Magnesium 

0.05 

0.075 

0.0006 

Iron 

0.004 

0.006 

0.00001 

Iodine 

traces 

Fluorine 

traces 

Silicon 

traces 

Total 

99.954 

149.931 

3784.87461 

human  body.  His  analysis  shows  not  only  the  elements  of 
which  the  body  is  composed  but  also  the  approximate  quan- 
tity of  each  element. 

If  a chemist  could  make  a man  (of  course,  he  cannot),  he 
would  need  the  volume  of  materials  shown  in  the  third 
column  of  Table  1 to  produce  a man  weighing  150  pounds. 
He  would  need  a room  containing  3785  cubic  feet  (about  16 
feet  long,  16  feet  wide,  and  16  feet  high)  just  to  store  the 
materials.  The  space  which  this  man  would  occupy  when 
he  was  completed  would  be  about  2.5  cubic  feet.  It  does 
not  seem  possible  for  3785  cubic  feet  of  materials  to  be  built 
into  a body  containing  but  2.5  cubic  feet.  It  must  be  re- 
membered, however,  that  these  materials  do  not  exist  in  the 
body  in  the  form  of  elements,  but  in  the  form  of  compounds. 
For  example,  of  the  112.5  pounds  of  oxygen  and  hydrogen  in 
the  body,  more  than  half  exist  in  the  body  combined  as 
water.  The  oxygen  and  hydrogen  as  gases  would  occupy 
over  3000  cubic  feet.  As  water,  they  occupy  only  about  1.6 
cubic  feet.  This  may  be  clearer  to  you  when  you  know  that 
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1700  cubic  inches  of  steam  occupy  only  about  one  cubic  inch 
of  space  when  in  the  form  of  a liquid  (water). 

Thus  we  see  just  what  our  muscles,  skin,  bones,  hair,  nerves, 
etc.,  are  made  of,  and  we  know  that  our  bodies  cannot  build 
new  living  material  unless  our  food  contains  these  elements. 

Some  of  these  elements  are 
probably  familiar  to  you,  while 
others  are  not.  All  of  them  are 
supplied  to  the  body  by  the  air, 
the  water,  and  foods.  We  are 
composed,  then,  of  elements  like 
those  in  the  materials  of  our 
surroundings.  It  is  because 
these  elements  are  combined 
into  compounds  that  we  cannot 
recognize  them  separately. 

This,  then,  is  the  wonder  of 
life:  Living  things  can  take 
non-living  substances  into  their 
bodies  as  food  and  build  them  into  living  materials. 

For  many  years  foods  were  defined  as  those  substances  from 
which  new  living  materials  could  be  manufactured,  or  which 
supplied  a source  of  energy.  Experimentation  in  the  last  fifty 
years  has  extended  this  definition  of  food.  It  has  been  dis- 
covered that  certain  materials  are  necessary  because  a lack 
of  them  results  in  certain  diseases.  For  example,  one  of 
these  materials  is  necessary  to  cause  the  bones  to  develop 
properly  in  young  children.  Another  of  these  materials  is 
necessary  to  secure  normal  growth.  These  materials  are 
called  vitamins.  There  is  not  a great  deal  known  about 
these  materials  at  the  present  time,  but  because  it  has  been 
proved  that  they  assist  in  the  regulation  of  the  life  processes, 
they  are  classed  as  foods. 

A substance  to  be  classed  as  a food  does  not  necessarily  have 
to  possess  all  of  the  characteristics  which  have  been  men- 
tioned. For  example,  one  substance  may  be  necessary  to 


Fig.  52.  This  circle  graph  shows 
the  approximate  proportions  of 
the  various  elements  that  make 
up  a 150-pound  person. 
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regulate  certain  body  activities  and  not  be  a source  of  energy. 
Or  a substance  may  supply  energy  and  not  be  usable  for  the 
building  of  new  body  material.  It  is  classed  as  a food  if  it 
possesses  one  of  the  characteristics  mentioned. 

It  is  also  true  that  there  are  substances  possessing  one  or 
more  of  the  characteristics  mentioned,  which  are  not  classed 
as  foods.  Such  a substance  is  alcohol.  Alcohol  might  be 
classed  as  a food  because  it  can  be  used  as  a source  of  energy. 
It  has  been  shown,  however,  that  alcohol  is  harmful  to  the 
organism.  For  this  reason  it  is  not  classed  as  a food.  In 
formulating  your  definition  of  food,  you  must  therefore  include 
as  part  of  your  definition  that  the  substance  must  not  be 
harmful  to  the  organism. 

Self-testing  exercise  1.  Make  a definition  for  food.  Begin 
your  definition,  “A  food  is  any  substance  which  . . .,”  etc. 

What  are  the  uses  of  the  different  classes  of  food?  Study 
Suggestion.  In  the  paragraphs  which  follow  is  a description 
of  the  different  classes  of  food.  Refer  constantly  to  the  definition 
which  you  made  of  food  to  see  why  each  material  named  is  a food. 

In  Unit  I you  were  told  that  the  chemist  has  classified  all 
foods  according  to  their  chemical  composition.  From  what 
you  have  just  read  about  the  make-up  of  a living  organism, 
you  can  see  why  this  chemical  classification  is  necessary. 
The  physician,  or  other  expert  who  advises  people  what  to 
eat,  cannot  think  only  in  terms  of  beefsteak,  carrots,  ice 
cream,  and  apples.  He  must  know  whether  these  different 
foods  contain  the  elements  which  the  body  machine  needs  to 
overcome  its  weaknesses  and  to  carry  on  its  activities  in  a 
normal  way.  So,  if  you  are  going  to  be  intelligent  in  this 
matter  of  foods,  if  you  are  going  to  understand  what  you 
read  in  books,  magazines,  and  newspapers  about  proper  eat- 
ing, you  must  understand  the  chemist’s  classification  of  foods. 

This  manner  of  thinking  about  your  foods  may  be  new  to 
you,  but  you  have  already  been  affected  by  it.  While  you 
were  a baby,  you  were  carefully  fed  so  much  of  this  and  so 
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much  of  that.  Even  now  you  are  probably  told  that  you 
should  eat  spinach  and  carrots,  that  you  must  not  eat  too 
much  candy,  and  various  other  things  about  your  diet.  Why? 
Because  scientists  have  found  just  what  these  foods  contain 
and  what  purposes  they  serve  in  keeping  you  healthy. 

You  have  already 
learned  that  three  of 
the  classes  of  foods  are 
carbohydrates,  fats,  and 
proteins.  Certain  other 
materials — water,  min- 
erals, and  vitamins — 
are  also  classed  as 
foods.  No  matter 
whether  your  food  be 
custard  or  carrots,  beef 
or  broccoli,  nuts  or 
noodles,  it  is  made  up  of  some  or  all  of  these  basic  food  sub- 
stances. Each  of  these  six  different  classes  of  foods  is  neces- 
sary to  carry  on  the  activities  and  life  processes  of  living  things. 

Protein  is  the  only  food  material  containing  nitrogen,  which 
is  one  of  the  essential  elements  in  building  protoplasm , the 
living  material  of  the  body.  Protoplasm  is  a jelly-like,  almost 
colorless  substance  contained  in  the  cell,  and  is  the  living 
material  of  which  living  things  are  composed.  The  proto- 
plasm in  living  things  is  the  substance  which  carries  on  the 
activities  of  life.  Like  other  materials  it  wears  out  and  must 
be  replaced.  In  addition  to  nitrogen,  protein  contains  other 
elements,  such  as  carbon,  hydrogen,  oxygen,  phosphorus,  and 
sulphur,  also  used  in  building  protoplasm.  When  more  pro- 
tein is  eaten  than  is  necessary  for  building  purposes,  the  ex- 
cess protein  may  be  used  as  a source  of  energy.  Its  main 
purpose,  however,  is  not  that  of  supplying  energy;  it  should 
be  thought  of  as  the  main  source  of  materials  for  the  con- 
struction of  protoplasm.  Some  of  the  foods  that  are  rich 
in  protein  are  shown  in  Figure  53. 


Poultry  Cheese  5te&k 


Fig.  53.  Foods  that  are  rich  in  protein. 
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Carbohydrates,  composed  of  carbon,  hydrogen,  and  oxygen, 
are  generally  classed  as  fuel  foods  because  they  are  used 
mainly  as  sources  of  energy.  They  also  take  some  part  in 
growth  and  self-repair.  You  have  already  learned  that  two 
kinds  of  carbohydrates  are  starch  and  sugar.  The  com- 
monest sources  of 
starch  in  our  daily 
diet  are  potatoes  and 
cereals,  or  products 
manufactured  from 
cereals.  Sugar  is  gen- 
erally eaten  in  the 
form  of  cane  sugar, 
fruit  sugar,  corn 
sugar,  or  beet  sugar. 

If  more  carbohydrates 
are  eaten  than  are 
necessary  for  fuel 
requirements,  they 
may  be  changed  to 
a material  called  gly- 
cogen and  stored  in  the  cells  of  the  liver  and  the  muscles  for 
future  use.  This  stored  food  may  later  be  used  for  energy  if 
it  is  needed.  In  addition  to  these  uses,  carbohydrates  are  be- 
lieved to  assist  in  changing  the  fats  so  that  they  may  be  used 
by  the  body.  Some  foods  rich  in  carbohydrates  are  shown  in 
Figure  54. 

Fats  contain  the  same  elements  as  carbohydrates,  but  the 
proportion  of  elements  in  the  two  classes  of  compounds  is 
different.  There  are  many  different  kinds  of  fat.  Some  are 
found  in  meats,  some  in  milk,  and  some  in  plants.  Some 
foods  containing  a high  percentage  of  fats  are  shown  in 
Figure  55.  Fats  are  fuel  foods,  a given  quantity  of  fat 
supplying  about  twice  as  much  energy  as  the  same  amount 
of  carbohydrate  or  protein.  Like  the  carbohydrates,  fats 
may  be  stored  in  the  body  and  used  as  a reserve  food.  In 


Buttermilk 

Fig.  54.  Foods  rich  in  carbohydrates. 
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addition  to  these  uses  it  is  generally  agreed  that  fats  are 
necessary  to  maintain  the  proper  conditions  in  the  intestines 
so  that  certain  chemical  changes  necessary  in  the  digestion 
of  other  foods  can  take  place.  As  a 
rule  fats  are  stored  in  the  cells  under 
the  skin,  between  the  muscles,  and 
around  the  different  organs  of  the  body. 

Mineral  salts  have  also  been  men- 
tioned as  foods.  They  are  compounds 
containing  two  or  more  elements. 
Common  table  salt,  for  example,  is  a 
mineral  salt  containing  sodium  and 
chlorine.  Mineral  salts  cannot  be  used 
as  a source  of  energy,  as  can  the  other 
foods,  but  they  are  just  as  important 
in  keeping  the  living  organism  work- 
ing properly.  The  minerals  absolutely 
necessary  for  life  are  those  containing  calcium,  potassium, 
phosphorus,  sodium,  sulphur,  magnesium,  iron,  chlorine, 
and  iodine.  Each  is 
needed  in  carrying  on 
the  life-processes  and 
in  building  the  body. 

Foods  with  cal- 
cium and  phosphorus 
compounds  are  fed 
to  babies  and  young 
children  because  these 
substances  are  neces- 
sary for  the  building 
of  teeth  and  bones. 

(Study  Figure  57  and 
read  carefully  the 
description  below  it.) 

Iron  helps  the  blood  to  carry  oxygen  throughout  the  body. 
Iodine  aids  in  regulating  body  processes.  Experimentation 


$<}u&6h  Celery  Melons 


Fig.  56.  Some  foods  containing  minerals. 


Lard  Cream 


Fig.  55.  Fat  foods. 
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has  also  shown  that  mineral  salts  assist  in  the  digestion  of 
food,  keep  the  heart  beating  at  a constant  rate,  aid  in 
osmosis,  and  help  form  a blood  clot  to  prevent  the  loss  of 
blood  from  wounds.  Some  of  the  foods  which  are  impor- 
tant sources  of  minerals  are  shown  in  Figure  56. 


Fig.  57.  Crooked  teeth  developed  in  a goat  because  of  faulty  mineral 
diet.  Note  that  the  lower  teeth  (A)  cannot  properly  meet  the  upper 
teeth  (B).  The  dark  spots  in  (B)  are  holes  made  in  the  roof  of  the 
mouth  by  the  failure  of  the  teeth  to  come  together.  (Cornell  Uni- 
versity Animal  Nutrition  Laboratory.) 

Water  is  classed  as  a food  because  in  so  many  ways  it  is 
needed  to  carry  on  the  activities  of  living  organisms.  Water 
is  necessary  to  assist  in  changing  food  materials  so  that  they 
may  be  used  by  the  body,  to  assist  in  the  elimination  of  the 
waste  materials  left  over  from  the  process  of  digestion,  and 
to  provide  the  fluid  of  the  blood.  From  the  figures  given 
on  page  55,  you  recall  that  of  a one-hundred-fifty-pound 
man,  about  fifty-seven  pounds  are  water. 

For  a great  many  years  it  was  believed  that  the  classes  of 
foods  just  described  were  sufficient  for  normal  growth.  The 
discovery  and  proof  of  the  existence  of  a new  class  of  food 
materials,  the  vitamins,  presents  one  of  the  most  fascinating 
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examples  of  research  in  recent  years.  Several  lines  of  inves- 
tigation have  been  followed,  only  one  of  which  will  be  con- 
sidered here.  People  living  in  the  Orient,  where  the  diet  is 
mainly  fish  and  polished  rice,  have  for  thousands  of  years  been 
afflicted  with  a disease  called  beri-beri,  which  causes  intense 
pain  in  the  legs  and  arms,  and  sometimes  results  in  paralysis 
and  death.  Director-General  Takaki  of  the  Japanese  Navy  re- 
ported that  the  average  number  of  cases  treated  for  beri-beri 
was  323.5  per  thousand  per  year.  In  1896,  Eijkman,  a Dutch 
scientist,  discovered  that  chickens  fed  exclusively  on  polished 
rice  developed  a disease  similar  to  beri-beri.  At  his  suggestion, 
data  were  collected  from  inmates  of  prisons  who  were  fed  on 
different  rice  diets.  The  results  are  shown  in  Table  2.  These 


TABLE  2.  Relationship  of  Beri-Beri  to  the  Kind  of  Rice 
Used  for  Food 


Kind  of  Rice 

No.  OF 
Prisoners 

No.  of  Beri- 
Beri  Cases 

Percentage 

White  rice 

150,266 

4201 

2.7 

Rice  with  partial  silver  skin  . . . 

35,082 

85 

.2 

Unpolished  rice 

96,530 

9 

.009 

data  show  conclusively  that  the  skin  of  the  rice  contains  some 
material  which  prevents  beri-beri.  Further  study  showed  that 
the  ‘‘silver  skin”  of  the  rice  contained  a hitherto  undetected 
material.  To  this  material,  the  name  “vitamin”  was  given. 

Studies  in  more  recent  years  have  definitely  proved  that 
there  are  several  kinds  of  vitamins,  each  of  which  has  an  im- 
portant part  to  play  in  the  processes  of  living  things.  To 
distinguish  the  vitamins  from  each  other,  each  vitamin  is 
indicated  by  a letter,  such  as  vitamin  A,  vitamin  B,  etc. 
Figure  59,  on  page  64,  shows  some  of  the  foods  which  con- 
tain the  different  vitamins. 

The  lack  of  vitamin  A in  the  diet  results  in  a decreased  rate 
of  growth,  the  drying  up  of  the  tear  glands,  and  a general 
lowering  of  the  resistance  to  disease.  Experiments  have 
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shown  that  it  is  especially  important  that  young  animals  ob- 
tain this  vitamin  in  their  food.  The  vitamin  was  first  dis- 
covered in  butter-fat  and  egg-yolk.  It  is  also  present  in  many 
other  foods,  as  shown  in  Figure  59. 

It  is  destroyed  by  long  heating  in 
the  presence  of  air. 

In  fact,  heating  foods  at  high 
temperatures  frequently  destroys 
their  value.  Notice  the  two  white 
rats  shown  in  Figure  58.  The  rats 
were  originally  the  same  size  and 
were  fed  on  the  same  foods.  How- 
ever, the  food  of  one  was  dried  at 
a very  high  temperature.  Its  value 
was  thus  destroyed,  and  the  rat 
failed  to  develop  into  a healthy  in- 
dividual. The  food  of  the  larger 
rat  was  dried  at  a low  tempera- 
ture. Its  nourishing  value  was  not 
injured,  and  the  rat  grew  in  a 
healthy,  normal  way.  In  the  or- 
dinary cooking  to  which  our  foods 
are  subjected,  however,  very  little  destruction  takes  place. 

The  lack  of  vitamin  B results  in  a stoppage  of  growth.  Ex- 
periments with  young  rats  have  shown  that  if  this  vitamin  is 
removed  from  their  diet,  a general  decline  will  follow,  resulting 
in  death  before  eight  days.  Recent  experiments  seem  to  indi- 
cate that  vitamin  B is  not  a single  vitamin  but  a mixture  of 
two  vitamins.  Both  of  these  vitamins,  however,  are  needed 
in  the  everyday  diet,  so  that  for  ordinary  purposes  no  distinc- 
tion need  be  made.  The  richest  source  of  vitamin  B is  prob- 
ably yeast,  although,  as  is  indicated  in  Figure  59,  it  is  found 
in  other  foods.  In  the  grains  it  is  found  chiefly  in  the  outer 
coats.  Removal  of  this  coat,  such  as  takes  place  when  rice  is 
polished  and  when  wheat  is  used  in  the  production  of  white 
flour,  eliminates  most  of  this  vitamin.  For  this  reason  many 


Fig.  58.  Effect  of  destroy- 
ing proteins  by  too  great  heat. 
(Cornell  University  Animal 
Nutrition  Laboratory.) 
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diet  experts  advise  that  people  should  eat  whole- wheat  bread, 
which  contains  this  vitamin.  However,  white-flour  bread 
may  be  used,  provided  the  vitamin  is  obtained  from  some 

other  food. 

Little  is  known  about 
the  function  of  vitamin 
C in  animal  bodies.  It 
has  been  shown,  how- 
ever, that  the  lack  of 
this  vitamin  in  the  food 
supply  results  in  a dis- 
ease called  scurvy,  which 
destroys  the  tiny  blood 
vessels  of  the  body.  This 
disease  has  been  known 
for  over  a thousand 
years.  It  was  very  com- 
mon during  long  trips  on 
sailing  vessels,  where  for 
many  months  no  fresh 
be  obtained.  We  now 
know  that  this  disease  is  caused  by  the  lack  of  vitamin  C 
in  the  diet.  This  disease  may  be  prevented  or  cured  by  such 
foods  as  orange  and  tomato  juice,  celery,  carrots,  lettuce,  and 
watercress.  Vitamin  C is  destroyed  by  heating  the  food 
in  contact  with  air ; thus  raw  fruits  and  vegetables  should  be 
eaten  to  provide  it. 

Vitamin  D is  necessary  to  secure  the  proper  growth  of 
bones  and  teeth.  Lack  of  it  produces  a disease  called  rickets, 
in  which  the  hardening  of  the  bones  of  growing  children  is 
interfered  with.  This  may  result  in  bow-legs  or  knock- knees, 
and  in  severe  cases,  death.  Vitamin  D is  most  abundant  in 
cod-liver  oil,  although  it  has  been  found  in  butter-fat  and 
egg-yolk.  In  recent  years  it  has  been  discovered  that  vitamin 
D can  be  produced  in  the  body  by  the  action  of  certain  rays 
of  sunlight.  Children  treated  with  these  rays  or  with  foods 


Fig.  59.  Foods  containing  vitamins, 
vegetables  nor  animal  foods  could 
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which  have  been  treated  with  this  ray  have  been  completely 
cured  of  rickets. 

In  addition  to  vitamins  A,  B,  C,  and  D there  are  three 
other  known  vitamins.  Vitamin  E,  found  in  the  oil  from 


Fig.  60.  This  pig  obtained  plenty  of  mineral  foods  for  bone  formation, 
but  her  diet  lacked  vitamin  D.  Therefore  she  developed  such  a case 
of  rickets  that  she  could  not  stand  on  her  front  legs.  Daily  doses  of 
cod-liver  oil  restored  her  to  the  normal  condition  illustrated  at  the 
right. 

wheat,  apparently  affects  reproduction.  Experiments  have 
shown  that  animals  produce  a fewer  number  of  young  if 
this  vitamin  is  withdrawn  from  their  diet.  Vitamin  F and 
vitamin  G are  the  names  given  to  the  two  vitamins  which 
were  formerly  thought  of  as  being  but  one  vitamin,  namely, 
vitamin  B. 

At  the  present  time  it  is  impossible  to  say  that  all  of  the 
vitamins  have  been  discovered.  In  all  probability  there  are 
vitamins  essential  to  the  living  organism  which  as  yet  have 
not  been  identified.  Much  more  experimentation  is  also  nec- 
essary to  establish  definitely  the  effects  of  the  vitamins  which 
have  been  discovered.  Since  plants  are  the  sources  of  vita- 
mins, it  is  probable  that  they  serve  some  important  function 
in  the  plant.  There  is  at  present  no  evidence  of  the  function 
served.  But  enough  evidence  concerning  the  need  of  vitamins 
for  animals  has  been  gathered  to  show  that  vitamins  are 
exceedingly  important  in  maintaining  the  general  health 
of  the  animal  body. 
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In  recent  years  many  food  manufacturers  have  advertised 
their  products  as  being  rich  in  vitamin  content.  The  adver- 
tisements sometimes  read  as  if  the  more  vitamins  one  eats, 
the  healthier  he  will  be.  This,  of  course,  is  not  true.  Lack  of 
a sufficient  quantity  of  vitamins  may  be  harmful  to  the  body, 
but  eating  more  than  is  necessary  does  not  make  a person 
any  healthier. 

Self-testing  exercise  2.  For  each  class  of  food  write  a state- 
ment that  will  give  the  reason  why  it  is  a food.  For  example, 
“Protein  is  a food  because  . . . ,”  etc. 

What  are  the  principles  which  must  be  followed  in  selecting 
foods?  Study  Suggestion.  Before  you  begin  to  study,  make  a 
list  of  the  principles  you  already  know  that  should  guide  one  in 
selecting  foods.  As  you  study,  keep  note  of  the  new  ideas  which 
you  find  about  selecting  foods. 

In  the  previous  sections  of  this  problem  it  has  been  shown 
that  food  must  provide  the  body  with  material  for  carry- 
ing on  the  various  activities  and  life  processes  in  which  the 
living  thing  engages.  In  addition  to  this  it  has  been  shown 
that  different  classes  of  food  serve  different  purposes  in  the 
body.  Regarding  the  selection  of  food,  the  conclusion  can 
therefore  be  made  that  one’s  diet  should  include  all  classes 
of  foods.  It  should  include  foods  which  supply  materials 
for  building  protoplasm,  foods  from  which  energy  can  be 
obtained,  water,  and  the  foods  which  assist  in  the  regulation 
of  the  life  processes.  The  foregoing  statements  apply  not 
only  to  man  but  to  other  living  things  as  well.  In  the  dis- 
cussion which  follows,  man  is  chosen  as  the  example  to  show 
the  principles  which  should  be  followed  in  selecting  food. 
The  same  principles,  as  you  will  see  in  Unit  VII,  are  used 
by  man  in  feeding  his  farm  animals. 

Another  consideration  in  the  selection  of  food  is  the  quantity 
one  eats.  It  is  evident  that  enough  food  must  be  eaten  to 
supply  the  materials  necessary  for  growth,  self-repair,  and 
energy.  It  is  of  course  very  difficult  for  an  individual  to 
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Fig.  61.  By  means  of  this  apparatus,  called  a respiration  calorimeter , 
it  is  possible  to  measure  the  exact  amount  of  heat  given  off  by  the 
body.  Other  types  of  calorimeters  are  available  which  permit  indi- 
viduals to  carry  on  certain  types  of  work  which  call  for  the  expendi- 
ture of  much  energy.  Through  these  experiments  it  has  been  found 
possible  to  determine  the  food  requirements  for  individuals  doing  dif- 
ferent kinds  of  work.  (Photo  by  the  Nutrition  Laboratory  of  the 
Carnegie  Institution  of  Washington.) 

determine  just  how  much  food  he  should  eat.  The  amount 
necessary  depends  upon  many  factors,  such  as  age,  weight, 
the  kind  of  work  one  does,  the  season  of  the  year,  etc.  Certain 
standards,  however,  have  been  worked  out  by  scientists  which 
furnish  a general  guide  as  to  the  amount  of  food  needed. 
These  standards  are  subject  to  considerable  modification  to 
adapt  them  to  the  needs  of  each  individual. 

The  standards  which  have  been  made  are  the  result  of  care- 
ful investigation  and  experimentation.  Through  the  use  of 
very  complicated  apparatus  (Figure  61)  it  is  possible  to  de- 
termine the  amount  of  energy  required  to  perform  the  normal 
activities  of  life.  The  amount  of  energy  required  is  expressed 
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in  calories , a calorie  being  the  amount  of  heat  required  to  raise 
the  temperature  of  one  kilogram  (about  2.2  pounds)  of 
water  one  degree  centigrade.*  Some  of  the  standards  which 
have  been  determined  are  as  follows: 


Man,  active  muscular  work 3500  calories  per  day 

Man,  light  muscular  work 3150  calories  per  day 

Boy  of  15  years 3150  calories  per  day 

Boy  from  13  to  14  years  and  girl  from  15 

to  16  years 2800  calories  per  day 

Boy  of  12  and  girl  from  13  to  14  years.  . 2450  calories  per  day 
Boy  from  10  to  11  years  and  girl  from  10 
to  12  years  1800  calories  per  day 


The  table  above  shows  the  number  of  calories  of  energy 
required  by  the  human  body.  As  has  been  previously  pointed 
out,  this  amount  varies  to  some  degree,  depending  upon  the 
needs  of  the  individual.  In  order  to  determine  how  much  food 
is  needed,  it  is  necessary  to  determine  the  energy  or  fuel  value 
of  the  different  foods.  This  is  done  by  burning  the  food  to  de- 
termine the  amount  of  heat  produced  by  a given  quantity. 
The  fuel  value  of  foods  is  then  expressed  in  terms  of  so  many 
calories  per  pound.  For  example,  a pound  of  butter  produces 
3410  calories  when  burned;  this  is  therefore  given  as  the  fuel 
value  of  butter.  In  order  to  determine  how  much  food  should 
be  eaten,  it  is  only  necessary  to  determine  the  number  of 
calories  of  energy  needed  by  an  individual  and  then  select 
the  foods  which  will  supply  that  amount.  The  fuel  value  of 
many  foods  is  given  in  Table  3. 

So,  from  what  you  have  just  read,  you  can  see  that  both 
the  kind  of  food  and  the  quantity  of  food  must  be  taken  into 
consideration  in  the  selection  of  foods.  The  solution  to  the 
problem,  “What  shall  I eat?”  is  thus  very  hard  to  find.  It  is 
certain  that  the  appetite  is  not  always  a safe  guide  to  follow, 
and  that  neglect  of  the  proper  diet  may  cause  trouble  some- 

*The  physicist  uses  two  kinds  of  calories:  the  small  calorie,  which  is  the  amount  of 
heat  required  to  raise  the  temperature  of  one  gram  of  water  one  degree  centigrade,  and 
the  large  calorie,  which  has  just  been  defined.  The  large  calorie  is  used  to  express  the 
energy  value  of  foods. 
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TABLE  3.  Average  Percentage  Composition  of  Common  American 
Food  Products 


Food  Materials 

Water 

Protein 

Fat 

Carbohy- 

drates 

Min- 

erals 

Fuel 

Value  per 
Pound 

Beef,  sirloin  steak.. 

54 

0 

16. 

5 

16.  1 

.8 

1100 

Beef,  round 

60 

7 

19. 

0 

12.8 

i 

.0 

890 

Veal,  leg 

60 

1 

15. 

5 

7.9 

.9 

625 

Pork, loin  

41 

8 

13. 

4 

24.2 

.8 

1245 

Ham,  smoked  .... 

34 

8 

14. 

.2 

33.4 

4 

.2 

1635 

Chicken,  broilers.  . 

43 

7 

12. 

8 

1.4 

.7 

305 

Fish,  perch 

50 

7 

12. 

8 

.7 

.9 

275 

Eggs,  hen 

65 

5 

13. 

1 

9.3 

.9 

635 

Butter 

11. 

0 

1. 

0 

85.0 

3. 

.0 

3410 

Milk,  whole 

87. 

0 

3. 

3 

4.0 

5. 

0 

.7 

310 

Cheese,  cream 

34. 

2 

25. 

9 

33.7 

2. 

4 

3. 

.8 

1885 

Bread,  white 

35. 

3 

9. 

2 

1.3 

53. 

1 

1. 

. 1 

1200 

Crackers,  soda .... 

5. 

9 

9. 

8 

9. 1 

73. 

1 

2. 

, 1 

1875 

Beans,  string! 

83. 

0 

2. 

1 

.3 

6. 

9 

.7 

170 

Beans,  dried 

12. 

6 

22. 

5 

1.8 

59. 

6 

3. 

.5 

1520 

Cabbage 

77. 

7 

1. 

4 

.2 

4. 

8 

.9 

115 

Peas,  canned 

85. 

3 

3. 

6 

.2 

9. 

8 

1. 

. 1 

235 

Tomatoes 

94. 

3 

9 

.4 

3. 

9 

.5 

100 

Potatoes 

62. 

6 

1. 

8 

. 1 

14. 

7 

.8 

295 

Apples 

63. 

3 

3 

.3 

10. 

8 

.3 

190 

Bananas 

48. 

9 

8 

.4 

14. 

3 

. 6 

260 

Oranges 

63. 

4 

6 

. 1 

8. 

5 

.4 

150 

Dates,  dried 

13. 

8 

1. 

9 

2.5 

70. 

6 

1. 

.2 

1275 

Raisins 

13. 

1 

2. 

3 

3.0 

68. 

5 

3 

. 1 

1265 

Peanuts 

6. 

9 

19. 

5 

29. 1 

18. 

5 

1. 

.5 

1775 

Chocolate 

5. 

9 

12. 

9 

48.7 

30. 

3 

2, 

.2 

2625 

time  during  one’s  life.  Perhaps  the  best  solution  is  to  consult 
the  school  nurse  or  a physician. 

Two  well-known  investigators  in  the  field  of  nutrition  make 
the  following  statements  regarding  the  selection  of  foods:* 

The  results  of  scientific  investigation  support  the  view  that  if 
one  will  obey  the  following  three  precepts  regarding  the  selection 
of  food,  a diet  will  be  secured  which  will  be  highly  satisfactory  for 
the  preservation  of  vitality  and  health. 

(1)  Everyone  should  take  daily  throughout  life  approximately 
the  equivalent  of  a quart  of  milk.  Some  of  this  may  be  taken  as  a 

*E.  V.  McCollum  and  Nina  Simmonds,  Food,  Nutrition,  and  Health.  Published  by  the 
authors,  East  End  Post  Station,  Box  25,  Baltimore,  Md. 
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beverage,  or  in  ice  cream,  creamed  soups,  creamed  vegetables, 
custards,  buttermilk,  etc. 

(2)  Once  a day  take  a liberal  serving  of  greens  or  pot  herbs. 
These  should  be  cooked.  These  include  such  leafy  vegetables  as 
lettuce,  romaine,  watercress,  cabbage,  brussels  sprouts,  chard, 
kale,  spinach,  turnip  tops,  beet  tops,  dandelion  leaves,  etc. 

(3)  Twice  each  day  a salad  should  be  eaten.  A salad  according 
to  definition  is  a preparation  of  herbs,  vegetables,  or  fruits,  lettuce, 
celery,  watercress,  etc.,  usually  dressed  with  salt,  vinegar,  and 
pepper;  or  a dish  of  chopped  meats  or  fish  mixed  with  oil,  vinegar, 
and  other  components. 

It  is  of  course  understood  that  these  suggestions  do  not 
make  up  the  entire  diet;  they  do,  however,  indicate  certain 
foods  which  should  be  made  part  of  the  daily  diet.  The  rules 
stated  above  apply  to  most  persons,  but  certain  individuals 
may  require  special  examination  to  determine  the  kinds 
of  food  best  for  them. 

Man  not  only  applies  what  he  has  learned  concerning  foods 
in  the  selection  of  the  foods  which  he  eats,  but  he  also  applies 
the  same  principles  in  his  care  of  animals.  Agricultural  ex- 
periment stations  have  determined  the  best  kinds  and  proper 
quantities  of  foods  required  to  keep  animals  in  good  health. 
Thus  farmers  have  been  able  to  fatten  their  stock  for  market 
in  a much  shorter  time,  and  increase  the  milk  production 
of  cows  and  the  egg  production  of  hens.  How  man  applies 
these  principles  will  be  considered  in  Unit  VII. 

Self-testing  exercise  3.  Table  3 lists  some  of  our  common 
foods  and  shows  the  different  classes  of  food  materials  which 
they  contain.  Make  a list  of  the  ten  foods  which  contain  the 
largest  percentage  of  protein.  Make  a similar  list  of  those  foods 
which  contain  the  largest  percentage  of  carbohydrates,  of  fats,  and 
of  minerals.  Refer  to  Figure  59,  which  shows  the  presence  of  vita- 
mins in  certain  foods.  List  five  sources  of  each  of  four  of  the 
vitamins  shown  in  the  illustration. 

Place  your  results  in  a table.  Then  examine  the  table  and  under- 
line the  foods  with  a high  protein  content  which  you  include 
in  your  daily  diet.  Do  this  also  for  the  other  classes  of  foods.  On 
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the  basis  of  this  list  do  you  find  that  you  include  the  necessary  classes  of 
foods  in  your  daily  diet?  (Reference  to  Figures  53  to  56  will  help  you.) 

Self-testing  exercise  4.  State  the  reasons  for  the  practices 
regarding  the  selection  of  food  which  you  listed  under  the  study 
suggestion  on  page  66. 

Problem  2:  How  is  Food  Prepared  for  Use  by 
Living  Things? 

What  is  the  basic  structure  of  all  living  things?  In  order 
to  understand  how  food  is  prepared  for  use  by  living  things 
we  must  examine  more  fully  the  fundamental  structure  of 
living  things.  Robert  Hooke,  an  English  microscopist,  is 
usually  given  credit  for  first  observing,  in  1665,  what  he 
called  the  “little  boxes  or  cells”  of  a plant.  He  had  examined 
some  thin  sections  of  cork  and  found  them  to  look  much  like 
a honeycomb  but  not  so  regular  in  structure.  Other  scientists 
were  also  using  microscopes  at  this  time,  trying  to  explain 
the  structure  of  living  things.  It  was  not  until  about  1838 
that  two  German  friends,  Matthias  Jacob  Schleiden,  a pro- 
fessor at  the  University  of  Jena,  and  Theodor  Schwann,  a 
professor  at  the  University  of  Berlin,  came  upon  the  idea 
that  both  plants  and  animals  are  composed  of  tiny,  living 
cells  or  units. 

They,  however,  had  not  gone  far  enough  in  their  study  to 
realize  that  inside  the  cells  of  both  plants  and  animals  is  a 
living,  jelly-like  substance.  Dujardin,  a professor  at  the 
University  of  Rennes,  in  1835  had  observed  this  substance  in 
animal  cells  and  had  called  it  sarcode.  Von  Mohl,  a German 
physiologist,  had  observed  it  in  plant  cells  and  had  called  it 
protoplasma , meaning  “first  molded  form.”  Then,  in  1861, 
Schultze,  a professor  at  the  University  of  Halle,  Germany, 
and  often  called  the  father  of  modern  biology,  stated  that 
the  units  of  organization  of  all  living  matter  are  little  masses 
of  protoplasm  around  a nucleus  (meaning  nut  or  kernel), 
and  that  this  protoplasm  or  living  substance  is  much  the 
same  in  both  plants  and  animals. 
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Experiment  15.  What  is  the  structure  of  plant  and  animal 
cells?  Examine  with  a microscope  such  plant  cells  as  those  of 
the  onion,  Elodea,  Nitella,  privet,  and  Spirogyra.  Use  Figure  63 
to  help  you  find  the  various  parts  of  the  cells.  If  you  stain  the 

cells  with  iodine,  methyl 
blue,  or  fountain-penink, 
the  nucleus  and  other 
parts  will  be  readily  seen. 
Directions  for  preparing 
the  slides  will  be  given 
by  your  teacher. 

Examine  with  the  mi- 
croscope such  animal 
cells  as  the  amoeba,  the  , 
paramecium,  the  cells 
obtained  by  scraping 
the  inner  lining  of  the 
mouth,  red  blood  corpus- 
cles, cells  from  a callus 
on  your  finger,  cells  from 
the  skin  of  a frog,  and 
the  red-blood  cells  of  a 
frog.  Stain  the  cells. 

In  the  typical  cell, 
shown  in  Figure  63,  as 
well  as  in  most  of  the 
cells  which  you  have  examined,  you  will  see  a cell  wall  of 
some  kind.  In  the  plant  cells  the  cell  wall  is  quite  thick, 
and  contains  a material  called  cellulose.  In  animal  cells  there 
is  no  real  cell  wall,  but  the  cell  is  usually  enclosed  in  a 
plasma  membrane.  This  membrane  is  present  also  within 
the  cell  walls  of  plants. 

Inside  the  cell  wall  or  membrane  is  the  protoplasm.  This 
is  made  up  of  a denser  round  or  oval  part,  called  the  nucleus, 
which  is  often  near  the  centre,  and  the  remainder  of  the 
protoplasm  outside  the  nucleus,  which  is  called  the  cytoplasm. 
The  cytoplasm  is  composed  of  minute  granules  floating  in  a 
fluid-like  substance.  Here  and  there,  especially  in  young 


Paramo  ecium  Spirogyra 

Fig.  62.  All  living  things  are  made  up  of 
one  or  more  cells.  Foods  must  enter  the 
cells  before  they  can  be  used. 
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cells  and  in  plant  cells  are  clear  spaces,  called  vacuoles , filled 
with  cell  sap.  Floating  in  the  cytoplasm  are  granules  of 
food,  droplets  of  water  and  oil,  and  crystals,  but  these  are 
often  too  small  to  be  seen  with  the  ordinary  microscope. 

Not  only  do  the  cells  of  different 
plants  and  animals  have  different 
structures,  but  we  also  find  that  differ- 
ent cells  in  the  same  plant  or  animal 
differ.  You  recall  the  kinds  of  cells  in 
a green  plant,  such  as  epidermal  cells, 
palisade  cells,  root  cells,  spongy  cells, 
and  guard  cells.  (See  page  35.)  An 
animal,  likewise,  has  different  cells. 

Living  cells  vary  in  size  as  well  as  in 
shape,  but  it  is  surprising  to  find  that 
the  cells  which  make  up  the  mouse  are  not  much  different  in 
size  from  those  which  compose  the  elephant.  Most  cells  are 
so  small  that  it  would  require  from  3000  to  5000  placed  side 
by  side  to  make  a string  of  cells  one  inch  long.  There  are 
probably  some  single-celled  animals  and  plants  which  are  too 
small  to  be  seen  with  the  best  microscope.  Certainly  our 
bodies  must  contain  millions  upon  millions  of  cells!  Figure 
64,  page  74,  shows  some  of  the  cells  found  in  the  human 
body.  Examine  the  figure  carefully. 

Did  you  notice  when  you  examined  the  cells  from  the 
inside  of  your  cheek  or  in  the  onion  skin  (Experiment  15) 
that  there  were  many  cells  attached  to  each  other?  Cells 
of  the  same  kind  joined  together  in  this  way  form  tissue , 
such  as,  skin  tissue,  muscle  tissue,  nerve  tissue,  bone  tissue, 
and  woody  tissue.  Tissues  in  turn  are  grouped  together 
forming  organs , that  is,  structures  which  have  special  work 
to  do  in  the  life  of  a complex  organism.  Thus,  roots,  leaves, 
and  stems  are  organs  of  plants;  eyes,  hearts,  lungs,  and 
ears  are  organs  of  animals. 

In  a one-celled  organism  like  the  amoeba  or  paramecium 
(Figure  62)  the  single  cell  does  all  of  the  work  of  the  body. 
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It  must  take  in  food,  build  it  into  new  living  material, 
excrete  waste  products,  breathe,  circulate  the  food  materials 
to  different  parts  of  the  cell,  and  produce  other  living  things 

of  the  same  kind. 

In  organisms  which  contain 
many  cells,  certain  kinds  of 
cells  do  certain  kinds  of  work 
for  the  body  as  a whole,  but 
still  each  cell  must  do  all  of 
the  things  that  a one-celled 
organism  does.  A muscle  cell, 
for  example,  aids  the  body  as 
a whole  to  move;  however, 
each  muscle  cell  must  be  able 
to  take  in  food,  use  it  for  en- 
ergy, build  it  into  new  living 
material,  and  excrete  wastes. 
So  you  see  that  the  work  of 
the  body  is  really  done  by  the 
cells  which  compose  it. 

What  change  must  take 
place  in  food  before  it  can  be 
used  by  a living  thing?  Study 
Suggestion.  It  is  neither  nec- 
essary nor  desirable  that  you  try 
to  remember  the  methods  em- 
ployed by  different  animals  in  preparing  food  for  use.  From  your 
study  of  these  different  animals  you  should  discover  the  two  gen- 
eral methods  which  are  employed  and  the  different  kinds  of  struc- 
tures which  assist  in  bringing  about  the  digestion  of  food. 

From  what  you  have  just  read,  you  can  understand  that 
the  food  we  eat  must  find  its  way  into  the  millions  of  tiny 
cells  that  make  up  the  living  organism.  It  is  in  the  cell 
that  the  food  is  put  to  the  various  uses  which  you  studied 
earlier  in  this  unit.  In  Unit  I you  learned  how  the  jelly-like 
amoeba  gets  food  into  its  single  cell ; it  simply  flows  along  and 


Fig.  64.  Various  kinds  of  cells 
of  the  human  body. 
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surrounds  its  food.  The  one-celled  paramecium,  you  learned, 
is  a little  better  equipped;  it  has  a hole  or  mouth  in  its  one 
cell.  Unlike  the  paramecium,  however,  the  cells  which  com- 
pose complex  living  things  do  not  have  mouths  through 
which  the  food  may  pass  into  the  cell.  Nor  can  they,  like  the 
amoeba,  wrap  themselves  around  food  and  thus  take  it  in. 
Cells  are  entirely  surrounded  by  the  plasma  membrane. 
This  means  that  the  food  must  pass  through  this  membrane 
before  it  can  be  used  by  the  cell. 

Therefore,  in  order  to  understand  how  living  things  are 
able  to  use  food,  we  must  first  learn  how  the  food  gets  into 
the  cells.  Obviously,  some  very  marked  changes  must  take 
place  in  the  meat,  apples,  potatoes,  nuts,  and  other  food 
materials  that  we  eat  before  they  can  pass  into  a cell  so  tiny 
that  it  can  only  be  seen  through  a microscope.  In  Unit  I 
you  learned  that  under  certain  conditions  materials  actually 
can  pass  through  a membrane  wall.  Experiment  5,  page  26, 
showed  you  that  water  passed  inward  through  the  membrane 
of  the  egg,  and  the  molasses  solution  passed  outward  through 
this  membrane  to  the  water.  You  learned  that  the  plant 
really  got  minerals  from  the  soil  through  the  walls  of  the  root- 
hair  cells. 

Some  foods  can  pass  readily  through  membranes;  certain 
sugars  and  minerals  can  do  so.  The  great  majority  of  foods, 
however,  cannot  do  so.  They  must  first  be  changed  by  the 
organisms.  This  process  of  changing  food  so  that  it  may  be 
absorbed  by  the  cells  of  the  organism  is  called  digestion.  When 
you  begin  chewing  a morsel  of  food,  you  are  starting  a series 
of  “break-ups”  which  continue  steadily  until  that  food  is 
reduced  to  such  condition  that  it  may  pass  through  the 
membranes  of  the  cells.  Turn  back  to  page  40,  Figure  42, 
and  notice  the  starch  grains  stored  in  the  cells  of  a potato. 
These  grains  cannot  pass  through  the  membranes  of  the 
cells.  They  must  first  be  made  soluble;  that  is,  they  must 
be  changed  chemically  into  a substance  which  can  dissolve 
and  pass  through  the  membrane. 
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The  nature  of  digestion  can  be  understood  to  a certain  extent 
by  performing  an  experiment  with  starch,  as  described  below. 

Experiment  16.  How  is  starch  digested?  (a)  Prepare  an  egg  as 
in  Experiment  5,  page  26,  filling  the  egg  with  a mixture  of  starch 
and  water.  You  may  use  a pig  membrane 
instead  of  the  egg.  Allow  it  to  stand  for 
several  days;  then  test  the  water  in  the 
tumbler  for  starch  by  adding  a few  drops 
of  iodine  solution.  If  starch  is  present, 
a blue  color  will  appear.  On  the  basis  of 
your  results  do  you  conclude  that  starch 
can  or  cannot  pass  through  the  mem- 
brane? 

(b)  Repeat  (a),  filling  the  egg  with 
a solution  of  grape  sugar  in  place  of 
the  starch.  Test  the  water  in  the  tum- 
bler for  grape  sugar.  This  may  be  done 
by  pouring  a little  of  the  water  into  a test  tube,  adding  a small 
amount  of  Fehling’s  solution,  and  then  boiling  the  mixture.  If 
grape  sugar  is  present,  the  color  will  change  from  a blue  to  a 
green  or  a reddish  color.  On  the  basis  of  this  experiment  do  you 
conclude  that  grape  sugar  can  or  cannot  pass  through  the  cell 
walls  of  the  membrane? 

(c)  Drop  a small  piece  of  starch  into  a test  tube  about  half-full  of 
water.  Shake  vigorously,  add  some  saliva,  and  place  the  tube 
in  a beaker  of  water.  Prepare  another  test  tube  containing 
starch  and  water  to  which  no  saliva  has  been  added.  Place  this 
test  tube  beside  the  other  in  the  beaker  of  water.  Keep  the 
temperature  of  the  water  at  about  98.6  degrees  Fahrenheit  for 
about  20  minutes  (Figure  65).  If  a thermos  bottle  is  available, 
it  may  be  used.  The  two  test  tubes  can  be  suspended  in  the  bottle 
by  strings. 

Test  the  contents  of  both  test  tubes  for  grape  sugar.  What  effect 
does  the  saliva  have  upon  the  starch?  Refer  to  page  38  and  explain 
why  this  is  called  a chemical  change.  Why  should  the  temperature 
of  the  water  be  kept  at  about  98.6°  F.? 

( d ) Chew  a piece  of  unsalted  cracker  or  bread  until  it  is  thor- 
oughly wet  with  saliva.  Note  the  sweet  taste.  Explain. 
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The  process  of  digestion  takes  place  in  all  living  things.  If 
you  watch  the  food  particles  in  a paramecium,  you  will 
notice  that  the  food  is  gradually  broken  up,  that  its  outline 
becomes  less  and  less  distinct,  and  that  finally  it  disappears. 
It  has  been  changed  chemically  and 
dissolved  by  certain  digestive  juices 
in  the  paramecium.  In  the  more 
complex  animals  there  are  many 
different  kinds  of  digestive  juices, 
such  as  saliva,  gastric  juice,  bile, 
pancreatic  juice,  and  intestinal 
juice.  These  juices  are  manufac- 
tured in  glands  (Figure  66).  The 
cells  which  compose  these  glands 
absorb  certain  materials  from  the 
blood  and  manufacture  digestive 
juices  from  them.  These  digestive 
fluids  are  poured  through  tubes  or 
ducts  into  the  various  tracts  of 
the  digestive  system. 

Experiment  16  showed  that 
starch  is  changed  into  grape  sugar 
by  the  action  of  saliva.  This  change 
is  typical  of  the  action  of  the  other 
digestive  juices.  Some  act  upon 
cane  sugar,  some  on  fats,  and 
some  on  proteins,  all  of  them 
steadily  carrying  on  the  work  of  changing  the  materials  so 
that  they  may  be  absorbed  by  the  cells.  In  some  of  these 
juices  there  are  one  or  more  substances  called  enzymes , 
which  have  the  power  of  causing  a chemical  change  to  take 
place  in  certain  food  substances,  and  thus  assist  in  digestion. 
The  enzymes  themselves  are  not  used  up  in  the  process  of 
digestion;  therefore  a very  small  quantity  of  an  enzyme  is 
all  that  is  necessary  to  cause  a chemical  change  in  a large 
quantity  of  food.  Saliva  is  poured  into  the  mouth  from 


Fig.  66.  At  the  left  is  a sec- 
tion view  of  a gland.  Notice 
the  cells  that  line  the  cavity 
of  the  gland,  and  the  opening, 
or  duct.  Capillaries,  as  shown 
at  the  right,  bring  blood  con- 
taining materials  which  are 
taken  out  by  the  glands  to 
manufacture  secretions. 
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three  pairs  of  salivary  glands  (Figure  67).  It  contains  an 
enzyme  called  ptyalin  which  has  the  power  of  causing  in- 
soluble starch  to  change  to  soluble  sugar.  It  was  the  ptyalin 
which  caused  the  change  you  noticed  in  Experiment  16. 

Gastric  juice  is  manufac- 
tured by  glands  in  the  walls 
of  the  stomach  (Figure  68) 
and  acts  chiefly  upon  the 
proteins,  which  are  broken 
up  into  simpler  materials. 
It  contains  hydrochloric 
acid,  which  helps  make  the 
food  soluble,  and  an  en- 
zyme called  pepsin,  which 
acts  upon  proteins. 

Pancreatic  juice  is  pro- 
duced by  the  pancreas,  from  which  it  is  carried  to  the  intes- 
tines by  a duct.  Pancreatic  juice  contains  three  enzymes: 
Trypsin  acts  upon  the  proteins;  amylopsin  changes  starch 
to  sugar ; and  lipase  changes  fats  into  materials  which  can  be 
absorbed.  This  juice  thus  continues  the  process  of  digestion. 
Bile,  which  is  manufactured  by  the  liver  and  poured  into  the 
intestines,  assists  in  the  digestion  of  fats.  The  walls  of  the 
small  intestine  contain  glands  which  produce  intestinal  juice; 
this  assists  in  the  digestion  of  sugar  and  proteins. 

Somewhat  similar  digestive  processes  take  place  in  plants, 
which,  like  animals,  manufacture  certain  enzymes.  This  is 
seen  in  a grain  of  corn  when  it  is  beginning  to  grow.  The  seed 
contains  an  enzyme  called  diastase. 


Salivary  glands 

Fig.  67.  Location  of  the  three  pairs  of 
salivary  glands. 


Experiment  17.  What  effect  does  diastase  have  upon  the  food 
stored  in  a seed  of  corn?  (a)  Scrape  the  covering  from  a grain  of 
corn;  add  a drop  of  iodine  to  the  remainder.  What  food  is  indicated? 

( b ) Grind  a grain  of  corn  in  a mortar  as  fine  as  possible  or  obtain 
some  corn  meal.  Test  for  starch  with  iodine  and  test  for  sugar  with 
Fehling’s  solution  (see  Experiment  16).  Results? 

(c)  Place  a pinch  of  the  ground  corn  in  a test  tube  and  add  about 
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10  cc.  of  water.  Heat  It  to  boiling  and  allow  it  to  cool.  Divide  into 
two  parts.  To  the  first  portion  add  a few  cc.  of  Fehling’s  solution 
and  boil.  Is  sugar  present? 

(d)  To  the  second  portion,  add  a little  diastase.  Allow  it  to 
stand  for  half  an  hour  after  warming  the  contents  of  the  tube 
slightly.  Test  the  contents  for 
sugar.  Result? 

(e)  Obtain  some  germinated 
seeds  of  corn  and  test  them  for  the 
presence  of  sugar  by  cutting  them 
in  small  pieces,  grinding  them  in 
a mortar,  and  then  testing  with 
Fehling’s  solution.  Results?  Com- 
pare with  results  obtained  in  (c). 

The  starch  present  in  the  seed 
cannot  be  used  until  it  is  di- 
gested. When  the  seed  is  kept 
moist  and  warm,  the  starch  is 
slowly  changed  to  sugar  by  the 
diastase.  The  sugar  which  is 
produced  can  pass  to  the  growing  cells  in  the  roots  and 
stems  and  supply  the  material  necessary  for  the  growth  of 
the  cells.  Even  the  smallest  plants,  like  the  bacteria,  contain 
enzymes  which  act  on  foods  and  change  them  so  that  they 
may  be  absorbed  and  supply  material  for  the  growth  of  the 
organism.  In  fact,  every  plant,  like  every  animal,  has  some  di- 
gestive juices  which  serve  to  make  food  usable  by  the  organism. 

How  do  the  structures  of  animals  assist  in  the  digestion 
of  food?  As  you  have  just  seen,  digestion  takes  place  mainly 
through  a process  of  chemical  change  brought  about  by  the 
digestive  juices  with  their  enzymes.  In  certain  very  inter- 
esting ways,  the  structures  of  animals  help  in  these  changes. 
Let  us  first  see  how  the  structures  of  animals  help  speed  up 
the  chemical  changes  which  must  take  place  in  food  before  it 
can  be  absorbed  by  the  cells.  The  rate  at  which  a chemical 
action  takes  place  is  influenced  by  many  factors,  one  of  which 
is  shown  in  Experiment  18,  on  the  next  page. 


Fig.  68.  The  black  dots  indicate  the 
approximate  location  of  the  gastric 
glands  in  the  stomach.  They  are  so 
tiny  that  they  are  hardly  visible  to 
the  eye.  At  the  left  is  shown  a 
gland,  highly  magnified. 
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Experiment  18.  How  can  the  rate  of  chemical  change  be  in- 
creased? Obtain  two  pieces  of  limestone  about  the  same  size. 
Break  one  piece  with  a hammer  into  many  small  pieces.  Place  the 
large  piece  in  one  beaker  and  the  small  pieces  in  another  beaker. 

Add  an  equal  quantity  of  ten 
per  cent  hydrochloric  acid  solu- 
tion to  both  beakers  at  the  same 
time.  What  evidence  is  there 
that  a chemical  change  is  taking 
place?  Compare  the  amount  of 
time  required  to  dissolve  the  large 
piece  of  limestone  with  the 
amount  of  time  required  to  dis- 
solve the  small  pieces  of  lime- 
stone. How  do  you  explain  the 
difference  in  the  time  required? 

The  experiment  shows  that 
the  rate  of  chemical  change  is 
increased  when  the  material  is 
broken  up  into  small  particles.  Many  animals  possess  parts 
which  enable  them  to  break  the  food  into  smaller  bits  and 
thus  enable  the  digestive  juices  to  come  in  closer  contact  with 
the  food.  Animals  equipped  with  sharp  claws,  beaks,  bills, 
and  mandibles  frequently  tear  the  food  into  bits  before  they 
take  it  into  their  bodies.  The  mammals  are  well  equipped 
with  teeth  with  which  they  can  cut,  tear,  crush,  and  grind 
the  food  which  they  eat  (Figure  69).  The  teeth  vary  in 
shape,  each  kind  being  used  for  a different  purpose.  Her- 
bivorous animals  (that  is,  animals  feeding  solely  on  plants) 
are  equipped  with  teeth  which  differ  from  those  of  the  car- 
nivorous animals.  Vegetable  foods  must  be  chewed  more  thor- 
oughly than  meat,  because  they  are  harder  to  digest.  By  the 
use  of  these  structures  many  animals  prepare  the  food  so  that 
it  may  be  acted  upon  more  readily  by  the  digestive  juices. 

Other  parts  of  the  body,  such  as  the  stomach,  intestines, 
or  gizzard  may  also  assist  in  the  separation  of  the  food  into 
small  particles.  The  walls  of  the  stomach  and  intestines 


Fig.  69.  Note  the  flat  grinding 
teeth  of  the  plant-eating  porcu- 
pine, and  the  sharp,  tearing  teeth 
of  the  meat-eating  badger. 
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contain  many  layers  of  muscles  (Figure  70).  Contraction  and 
relaxation  of  these  muscles  keep  the  food  in  a constant  state 
of  motion,  which  helps  to  divide  the  food  into  smaller  particles 
and  mix  it  with  the  digestive  juices.  The  effect  is  similar  to 
that  produced  by  filling 
your  hand  with  a mixture 
of  water  and  crackers  and 
then  alternately  closing 
and  opening  your  hand 
until  the  cracker  becomes 
a pulpy  mass.  If  you 
open  the  gizzard  of  a 
chicken,  you  will  find 
many  small  stones  which 
the  chicken  has  swallowed  (Figure  71).  The  walls  of  the 
gizzard  contract  and  relax,  and  the  stones  are  moved  around, 
grinding  the  food  into  small  bits.  Many  animals  are  thus 
equipped  with  special  parts  which  help  prepare  their  food 
for  digestion. 

Suggested  Activity.  Make  a collection  of  gizzard  stones  of 
chickens,  turkeys,  guinea  fowls,  and  ducks.  Compare  them  as  to 
amount,  size,  shape,  and  kinds  of  ma- 
terials. 

As  you  have  already  learned,  the 
kind  of  food  an  animal  eats  is  closely 
related  to  the  structure  of  the  ani- 
mal. The  earthworm  has  no  teeth 
and  thus  cannot  use  nuts  for  food. 
The  squirrel  is  equipped  with  sharp 
teeth  and  can  easily  extract  and  cut 
Fig.  71.  A chicken  gizzard  up  the  kernel  from  the  hard  shell  of 

split  open  to  show  the  a nut.  The  sheep  is  a grass-eater. 

stones'  The  teeth  of  a sheep  are  large  and 

flat-topped  and  are  well  suited  for  grinding  tough  foods. 
Furthermore,  the  whole  digestive  apparatus  of  the  animal  is 
so  constructed  that  it  can  digest  the  kind  of  food  it  eats. 


Fig.  70.  Muscles  of  the  stomach. 
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The  stomach  of  the  sheep  has  four  different  cavities  (Figure 
72).  The  grass  is  not  chewed  as  soon  as  it  is  taken  into  the 
mouth,  but  passes  directly  down  into  the  first  cavity.  Here 
it  is  soaked,  rolled  into  small  balls,  and  then  passed  upward 

to  the  mouth,  where  it  is 
chewed.  After  it  is  chewed 
thoroughly,  it  goes  to  the 
second  and  third  cavities  for 
storage,  and  thence  to  the 
fourth  stomach,  where  it  is 
acted  upon  by  digestive  juices 
in  much  the  same  manner 
as  in  the  intestines  of  man. 
In  this  way  the  sheep  is  able 
to  extract  the  necessary  food 
from  the  grasses. 

All  of  the  animals  which 
feed  exclusively  upon  plants 
have  complex  digestive  sys- 
tems and  long  intestines  (Fig- 
ure 73).  The  intestines  of  an 
ox  are  about  150  feet  in  length.  Vegetable  foods  require  a 
much  longer  period  of  digestion  than  animal  foods,  and  a 
greater  quantity  is  needed  to  supply  nourishment.  The 
long  intestines  of  grazing  animals  are  thus  fitted  to  digest 
this  kind  of  food  because  they  supply  a place  of  storage  for 
the  food  while  it  is  being  acted  upon  by  the  digestive  juices. 
The  whole  digestive  apparatus  of  the  lion,  which  feeds  upon 
animals,  is  different  from  that  of  the  sheep  and  other  her- 
bivorous animals.  The  lion  has  sharp,  tearing  teeth  which 
can  tear  and  cut  flesh  but  cannot  grind  foods,  as  is  neces- 
sary to  obtain  food  from  the  grasses.  Its  intestines  are  but 
three  times  the  length  of  its  body;  therefore  the  time  con- 
sumed by  the  passage  of  food  through  the  intestines  would 
probably  be  too  short  to  allow  for  thorough  digestion  and 
absorption  of  raw  vegetable  foods.  Birds,  worms,  fishes, 


Fig.  72.  The  sheep’s  food  goes  first 
to  the  rumen,  then  back  into  the 
mouth  for  chewing.  From  there  it 
passes  into  the  reticulum,  then  into 
the  omasum,  and  finally  into  the 
abomasum,  where  it  is  acted  upon 
by  gastric  juices. 
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snails,  frogs,  snakes,  in  fact  all  animals,  feed  upon  foods  which 
their  structures  enable  them  to  digest  and  use. 

Self-testing  exercise  5.  State  evidence  to  show  that  the  kinds 
of  food  which  animals  eat  are  closely  related  to  the  structures 
which  they  possess  to  digest  their  food. 

Problem  3:  How  Is  the  Digested  Food  Distributed 
to  the  Cells? 

How  is  food  distributed  in  the  lower  forms  of  plants  and 
animals?  Study  Suggestion.  The  descriptions  which  follow 
show  that  the  distributing  systems 
of  animals  vary  from  the  most  sim- 
ple types  to  very  complex  types. 

As  you  study,  note  the  increase  in 
complexity  of  these  systems. 

We  have  now  seen  how  the 
food  that  living  things  take  into 
their  bodies  is  reduced  by  the 
process  of  digestion  to  such  form 
that  it  can  be  absorbed  by  the 
cells.  You  know  that  it  must  get 
into  the  cells,  because  it  is  the 
cells  which  actually  perform  the 
work  of  the  body.  The  next  im- 
portant step  in  the  use  of  food 
is  its  distribution  to  the  various 
parts  of  the  living  organism. 

Your  feet  and  head  are  quite 
stomach  and  intestines,  where  digestion  takes  place.  Yet 
the  muscles,  nerves,  and  other  tissues  of  the  head  and 
feet  must  have  food.  The  leaves  of  a tree,  where  the  tree’s 
food  is  manufactured,  may  be  many  feet  from  the  roots  and 
the  trunk;  yet  the  roots  and  trunk  must  have  food.  Living 
things  must  have  some  transportation  system  so  that  food 
can  reach  the  cells  of  every  part. 


Fig.  73.  Digestive  apparatus  of 
the  chicken. 


some  distance  from  your 
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The  distribution  of  food  in  the  lowest  forms  of  living 
things,  that  is,  those  composed  of  a single  cell,  like  the 
amoeba  (Figure  74),  is  a very  simple  process.  Many  of  these 
single-celled  plants  and  animals  live  in  a liquid  environ- 
ment, that  is,  they  are  completely 
surrounded  by  water  or  another  liquid. 
These  liquids  contain  some  food  al- 
ready in  solution,  and  in  such  form 
that  it  may  readily  pass  through  the 
cell  wall  of  the  organism.  Food  thus 
passes  into  the  living  thing  at  all 
points  of  its  outer  surface.  Once  in- 
side the  cell  the  food  diffuses , that  is, 
mixes  with  the  contents  of  the  cell. 
Bacteria,  for  example,  living  in  the 
intestines  of  man,  absorb  their  food 
directly  from  the  dissolved  food  in 
the  intestines. 

In  simple  plants  composed  of  many 
cells,  like  the  bread  mold,  the  process 
of  distributing  food  is  a little  more 
complex  than  in  one-celled  organisms.  The  bread  mold 
(see  Experiment  14,  page  43)  manufactures  an  enzyme  which 
is  given  off  by  the  hyphae.  This  enzyme  digests  some  of 
the  bread  with  which  it  comes  into  contact  so  that  it  can 
be  absorbed  through  the  wall  of  the  hyphae.  Although  the 
bread  mold  is  composed  of  many  cells,  the  cells  are  not 
separated  from  each  other  by  definite  membranes.  The  di- 
gested food,  once  it  enters  the  plant,  thus  passes  by  diffusion 
to  the  various  parts  of  the  plant.  Because  of  the  small- 
ness of  the  plant,  no  special  system  of  distributing  food  is 
needed. 

In  animals  composed  of  many  cells  the  distribution  of  food 
is  a more  complex  process.  The  hydra,  a small,  fresh-water 
animal  from  one-eighth  to  three-fourths  inch  long  and  one- 
sixtieth  inch  in  diameter  (Figure  75),  affords  an  interesting 


Fig.  74.  Th e food  vacuoles 
are  merely  bits  of  food 
being  absorbed.  The  con- 
tractile vacuoles  swell  up 
and  suddenly  contract  to 
excrete  waste  materials. 
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example  of  the  increase  in  complexity  which  is  found  in  a 
multi-cellular  animal.  The  hydra  is  different  from  the  one- 
celled  animals  in  that  it  has  a cavity  within  its  body.  This 
enables  the  food  to  be  brought  into  con- 
tact with  the  many  cells  which  line  the 
cavity.  This  inner  layer  of  cells  pours 
out  a fluid  which  digests  the  food.  These 
same  cells  absorb  the  digested  food,  keep 
what  they  need,  and  the  remainder  is 
passed  on  to  the  other  cells  by  the  proc- 
ess of  osmosis. 

If  we  examine  the  digestive  and  dis- 
tributing apparatus  of  the  earthworm, 
we  find  a decidedly  more  complex  system 
(Figure  76).  The  earthworm  has  a tube, 
or  alimentary  canal,  running  through  the 
length  of  its  body  with  an  opening  at 
each  end.  The  food  passes  into  the  mouth, 
thence  through  the  pharynx  to  the  crop , 
where  it  is  stored  temporarily.  In  the 
gizzard  the  food  is  ground  into  smaller  pieces,  and  it  then 
passes  into  the  intestines.  The  cells  lining  the  intestines 
manufacture  a digestive  fluid  which  is  poured  into  the  intes- 


Fig.  76.  Digestive  apparatus  of  the  earthworm. 


tines.  These  cells  also  absorb  the  dissolved  food.  The  earth- 
worm has  blood  vessels  filled  with  blood  into  which  the 
digested  food  passes  from  the  cells  that  line  the  intestine. 
The  walls  of  these  blood  vessels  contain  muscles  which  drive 
the  blood  by  alternately  contracting  and  relaxing.  The  food 


view  of  the  hydra. 
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is  thus  distributed  to  all  parts  of  the  body.  The  digested  food 
diffuses  through  the  walls  of  the  blood  vessels  so  that  each 
cell  is  bathed  in  a liquid.  From  this  liquid  the  cells  take  up 

the  food  in  the  same  manner 
as  the  one-celled  organisms 
which  you  have  studied. 
Thus  you  see  that  the  earth- 
worm differs  from  one-celled 
organisms  in  that  it  is  equip- 
ped with  special  parts  for 
digesting  food  and  distribut- 
ing it  to  the  cells. 

How  is  food  distributed  in 
the  higher  forms  of  animals 
and  plants?  As  an  example 
of  a higher  form  of  animal, 
we  will  study  the  digestive 
and  distributing  apparatus  of 
asked  what  it  is  that  carries 
food  to  all  parts  of  your  body,  what  would  you  say?  Per- 
haps you  would  gue^s  “the  blood.”  If  you  did  so,  you 
would  be  correct.  The  blood  stream  is  the  great  trans- 
portation system  of  the  human  body.  Through  a mar- 
velous network  of  veins,  arteries , and  capillaries  the  blood 
flows  in  a constant  stream  to  every  tissue  and  organ.  Now 
let  us  see  how  this  digested  food  gets  first  into  the  blood  and 
then  into  the  cells. 

In  our  study  of  digestion  we  traced  the  food  into  the  stomach 
and  the  intestines.  In  the  small  intestine,  a tube  about 
twenty- two  feet  long,  digestive  juices  complete  the  work  of 
making  the  food  soluble,  so  that  it  can  pass  through  the  thin 
walls  of  the  intestine  into  the  blood.  The  area  of  the  small 
intestine  exposed  to  the  absorption  of  food  is  greatly  increased 
by  the  villi,  small  fingerlike  projections  from  the  wall  (Figure 
78).  These  villi  in  man  number  about  10,000  to  the 
square  inch.  A section  of  a villus  shows  the  presence  of 
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Fig.  77.  Digestive  system  of  man. 
man  (Figure  77).  If  you  were 
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minute  blood  vessels,  the  capillaries,  and  also  other  small 
vessels,  the  lacteals.  These  vessels  have  very  thin  walls,  and 
(by  the  process  of  osmosis), 
they  absorb  the  digested  food 
which  comes  in  contact  with 
them. 

The  lacteals  absorb  the  fats, 
and  the  capillaries  absorb  the 
other  food  materials.  The  lac- 
teals unite  into  larger  and 
larger  vessels  to  form  the  tho- 
racic duct,  which  connects  with 
the  blood  stream  through  the 
jugular  vein.  The  capillaries 
also  unite  to  form  large  blood 
vessels,  the  veins,  which  carry 
the  blood  to  the  heart.  The 
heart  acts  as  a pump  and  forces  the  blood  into  the  arteries. 
These  arteries  divide  and  subdivide  into  smaller  and  smaller 

bloodvessels  until  they  form 
capillaries  which  penetrate 
to  all  parts  of  the  body.  The 
walls  of  the  capillaries  are 
very  thin  and  allow  the  liquid 
part  of  the  blood  containing 
the  digested  food  to  pass 
through  them.  This  liquid  is 
called  lymph.  Because  the 
red  corpuscles  cannot  pass 
through  the  walls  of  the  cap- 
illaries, the  lymph  is  color- 
less. The  lymph  surrounds 
the  cells  of  the  body  (Figure 
79),  and  it  is  from  the  lymph 
that  the  cells  obtain  their  food.  The  higher  animals  differ 
from  each  other  in  some  of  the  details  of  structure  of  their 


white  corpuscles,  which,  as  you  will 
learn  later,  help  the  body  fight  germs. 
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distributing  systems,  but  in  general  the  process  is  the  same 
in  all  of  them. 

The  higher  plants  differ  from  the  higher  animals  in  the 
distribution  of  food  in  that  they  have  no  organs  which  drive 
the  food  through  their  bodies.  They  possess  special  parts, 
the  fibrovascular  bundles,  in  which  the  food  passes  through 
the  body,  but  the  forces  which  keep  the  sap  moving  are 
mainly  those  of  osmotic  pressure  and  imbibition.  There 
are  probably  still  other  forces  which  aid  these  two,  but  they 
are  not  as  yet  well  enough  understood  by  biologists  to  be 
discussed  here.  Animals  are  of  course  much  more  active 
than  plants,  and  consequently  they  need  a more  abundant 
supply  of  food  at  all  times  to  furnish  energy.  The  rapid  move- 
ment of  the  blood  through  the  body  of  an  animal  insures  an 
abundant  supply  of  materials  to  the  cells.  In  plants  the 
movement  of  the  sap  is  comparatively  slow,  but  it  is  rapid 
enough  to  furnish  materials  to  the  growing  parts. 

Self-testing  exercise  6.  Arrange  the  following  list  of  animals 
in  the  order  of  complexity  of  the  structures  they  possess  to  dis- 
tribute food:  hydra,  earthworm,  amceba,  ape.  State  your  rea- 
sons for  the  order  you  suggest. 

Self-testing  exercise  7.  Compare  the  distribution  of  food  in 
plants  and  animals. 

' oynjJ^Cwi  ^ "lir  J /VG'vt  ' 

Problem  4 : How  Do  Living  Things  Obtain 
Energy  From  Food? 

How  is  energy  obtained  from  food?  Study  Suggestion. 
In  Problem  3 you  learned  how  the  food  is  distributed  to  the 
cells.  In  this  problem,  your  attention  will  be  directed  toward 
the  processes  by  which  the  cells  use  the  food  as  a source  of  energy 
for  body  activities. 

Living  things  must  have  a source  of  energy  to  do  the  things 
they  do.  In  fact,  no  activity,  whether  by  a living  or  a non- 
living thing,  can  be  carried  on  without  energy.  If  you 
observe  the  world  about  you,  you  will  see  that  this  is  true. 
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Our  machinery  is  run  by  the  energy  of  the  wind,  falling 
water,  steam,  gasoline,  and  electricity.  If  the  source  of 
energy  is  shut  off,  the  machinery  immediately  stops. 
Tornadoes,  landslides,  and  earthquakes  are  only  possible 
if  some  energy  is  expended.  The  same  thing  is  true  of 
living  material.  It  needs  a continuous  supply  of  energy,  or 
it  will  cease  operations  and  die.  The  source  of  energy  of  all 


Fig.  80.  A swamp-like,  coal-age  forest  with  its  dense  vegetation. 
(Field  Museum  of  Natural  History.) 


living  materials  is  the  food  which  is  taken  into  the  cells.  As 
we  have  seen,  the  green  plants  have  stored  energy  obtained 
from  the  sun,  and  this  energy  is  used  by  the  cells  to  obtain 
the  energy  necessary  to  carry  on  the  life  processes. 

The  body  of  a living  thing  is  in  many  ways  similar  to  a 
locomotive.  A comparison  of  the  locomotive  and  the  body 
will  help  us  to  understand  more  clearly  how  energy  is  ob- 
tained from  food.  In  the  first  place,  all  locomotives  must 
have  fuel.  Different  kinds  of  fuel  are  used,  such  as  coal  and 
oil.  Suppose  we  try  to  determine  the  source  of  energy  in 
the  coal  used  to  run  the  locomotive.  Geologists  tell  us  that 
coal  was  formed  from  plants.  Millions  of  years  ago  certain 
regions  of  our  country  were  covered  by  huge  swamps  in  which 
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vegetation  was  very  luxuriant.  Many  of  these  plants  when 
they  were  old  fell  into  the  water,  which  prevented  their  decay. 
For  hundreds  of  years  this  process  continued.  The  weight 
of  the  top  layers  combined  with  the  weight  of  the  mud  brought 
into  the  swamps  by  streams  gradually  compressed  the  lower 
layers  and  produced  much  heat.  As  a result  of  this  process 
the  plant  materials  gradually  changed  to  coal.  In  our  last 
problem  we  found  that  during  the  process  of  food  manu- 
facture the  plants  stored  in  the  food  some  of  the  energy 
which  they  received  from  the  sun.  Since  coal  consists  of 
plant  materials,  it  therefore  contains  the  stored  energy  from 
the  sun.  Thus  the  coal,  like  the  food  we  eat,  contains  stored 
energy  from  the  sun. 

In  order  to  drive  the  wheels  of  the  locomotive,  the  energy 
of  the  coal  must  be  utilized.  This  is  accomplished  by  burning 
the  coal.  Burning,  as  you  know,  is  a process  in  which  oxygen 
unites  with  the  material  which  is  being  burned.  This  is  a 
chemical  change  and  is  accompanied  by  the  production  of 
heat  and  light.  Heat  and  light  are  both  forms  of  energy  which 
are  produced  from  the  energy  stored  in  the  coal.  The  heat 
from  the  burning  coal  circulates  through  the  boiler  of  the 
locomotive  and  changes  the  water  in  the  boiler  to  steam.  The 
energy  necessary  to  run  the  locomotive  thus  comes  from  the 
stored  energy  in  the  coal.  This  stored  energy  is  transformed 
into  heat  by  the  combination  of  oxygen  with  it,  and  the 
heat  is,  in  turn,  changed  to  another  form  of  energy  which 
drives  the  wheels. 

^Now  let  us  return  to  living  things.  Living  things  use  food 
for  fuel.  This  food  is  absorbed  by  the  cells,  and  is  either 
built  into  new  living  material,  or  stored.  It  is  then  available 
to  the  cell  as  a source  of  energy.  As  in  the  case  of  coal,  how- 
ever/it is  necessary  for  oxygen  to  combine  with  the  cell  ma- 
terial before  the  energy  is  released  for  use  by  the  cell..  This 
process  is  called  oxidation.  In  this  process  the  material  used 
for  fuel  is  destroyed.  Oxidation  takes  place  very  slowly  in  the 
cell,  and  heat,  but  no  flame,  is  produced.  Part  of  the  heat  is 
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used  to  keep  the  body  warm,  and  part  is  transformed  into  the 
energy  which  enables  the  muscles  to  move  certain  internal 
parts  of  the  body  and  the  parts  which  are  used  by  the  living 
thing  in  moving  from  one  place  to  another.  All  living  things 
must  obtain  oxygen  in  order  to  release  the  energy  in  the 
cell  .materials. 

How  is  oxygen  obtained 
and  distributed  to  the  cells? 

Frogs,  toads,  alligators,  tur- 
tles, birds,  and  all  mammals, 
including  man,  breathe  by 
means  of  lungs.  The  lungs 
are  elastic  sacs  divided  into 
tiny  cavities.  The  walls  of 
the  cavities  are  filledLjvith 
blood  capillaries  (Figure  81). 

The  oxygen  from  the  air 
which  enters  the  lungs  is  ab- 
sorbed  through  the  walls  of 
the  capillaries  into  the  blood 
stream.  Most  higher  ani- 
mals inhale  and  exhale  by  means  of  ribs  and  muscles.  For 
example,  in_  man  during  the  process  of  inhalation  the  ribs  are 
raised  by  means  of  muscles,  and  at  the  same  time  the  dia- 
phragm, which  is  a muscular  sheet  separating  the  chest  and 
abdomen,  is  pulled  down.  This  process  allows  the  lungs  to 
expand.  The  air  pressure  outside  of  the  body  is  thus 
greater  than  that  in  the  lungs,  and  air  is  pushed  into  the 
lungs.  When  the  muscles  relax,  the  ribs  return  to  their 
normal  position,  and  the  diaphragm  comes  up.  Thus  the 
volume  of  the  chest  cavity  is  decreased,  and  the  air  is 
forced  out  again.  (iFrogs  and  toads  have  no  ribs;  they  swal- 
low their  air/) 

The  oxygen  which  enters  the  lungs  must  be  taken  up  by 
the  blood  and  distributed  to  all  parts  of  the  body.  Let  us 
see  how  the  blood  circulates.  The  heart  may  be  compared 


Fig.  81.  How  the  network  of  capil- 
laries in  the  lungs  appears.  The 
white  spaces  are  air  sacs. 
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to  two  force  pumps  acting  side  by  side  (Figures  82  and  83). 
When  the  blood  enters  the  right  side  of  the  heart,  it  has  just 
completed  its  trip  through  the  body.  It  has  lost  much 'of 
its  oxygen  and  contains  the  carbon  dioxide  which  was  pro- 
duced in  the  cells.  The 
blood  is  now  in  need  of 
purification ; that  is,  it  needs 
to  obtain  a fresh  supply  of 
oxygen  and  to  get  rid  of  the 
carbon  dioxide. 

The  walls  of  the  right 
ventricle  contain  many 
muscles.  When  these  con- 
tract, blood  is  forced  into 
the  artery  which  leads  to 
the  lungs  (the  pulmonary 
artery).  This  artery  divides 
and  subdivides  throughout 
the  lungs  into  thousands 
of  tiny  capillaries.  These 
make  it  possible  for  the 
blood  to  come  into  close  contact  with  the  air  in  the  lungs. 
The  oxygen  diffuses  through  the  walls  of  the  capillaries 
into  the  blood,  where  part  of  it^s  dissolved  and  part  of  it  is 
taken  up  by  the  red  corpuscles.  The  capillaries  then  again 
unite  into  four  large  blood  vessels  (the  pulmonary  veins) 
which  enter  the  left  side  of  the  heart. 

The  ventricle  of  the  left  side  of  the  heart  is  very  muscular, 
and  when  it  contracts  it  forces  the  blood  through  the  whole 
body.  After  the  blood  leaves  the  heart,  the  large  artery 
divides  into  smaller  arteries  which  supply  various  parts  of  the 
body  with  oxygen.  These  arteries,  in  turn,  subdivide  into 
capillaries  so  that  every  cell  in  the  body  may  receive  oxygen. 
The  capillaries  finally  unite  again  into  veins,  and  the  blood  is 
carried  back  to  the  right  side  of  the  heart  where  the  same 
process  is  repeated.  The  time  required  for  the  blood  to  pass 


Fig.  82.  The  heart  and  the  lungs. 
These  make  up  the  power  house  of 
man’s  breathing  and  distributing 
apparatus. 


Fig.  83.  The  shaded  part  indicates  the  impure  blood  returning  to  the 
heart  and  lungs.  The  lymphatics  drain  the  lymph  from  the  spaces  be- 
tween the  cells  and  empty  it  through  the  thoracic  duct  into  the  blood  stream. 
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through  the  entire  body  is  but  half  a minute.  The  cells  are 
thus  furnished  with  a constant  supply  of  oxygen. 

The  quantity  of  oxygen  required  depends  upon  the  activities 
of  living  things.  H an  animal  is  running,  flying,  or  swimming, 

more  food  must  be  oxidized 
to  supply  the  necessary 
quantity  of  energy  than  if 
the  animal  is  resting.  Dur- 
ing activity,  therefore,  more 
oxygen  must  be  delivered  to 
the  cells.  How  this  is  accom- 
plished is  shown  by  the  ex- 
periment which  follows. 

Experiment  19.  How  does 
Fig.  84.  Gills  of  a fish.  the  heart  regulate  the  amount 

of  oxygen  delivered  to  the 
cells?  (a)  Place  the  tip  of  the  middle  finger  in  the  hollow  space 
just  in  front  of  the  ear,  or  place  the  finger  on  the  “pulse”  in  the  wrist. 
In  this  position  you  can  feel  the  wave  produced  in  the  blood  stream 
when  the  left  ventricle  contracts.  Count  the  number  of  waves  in 
a minute. 

(b)  Repeat  (a)  immediately  after  vigorous  exercise.  Compare 
the  number  of  beats  per  minute  with  the  results  obtained  in  (a). 

( c ) Answer  the  question  of  the  experiment. 

One-celled  plants  and  animals  absorb  oxygen  through  the 
cell  walls  in  the  same  manner  that  they  absorb  food.  All  parts 
of  the  cell  wall  can  absorb  oxygen.  These  plants  and  animals 
need  but  little  energy  and  are  so  small  that  there  is  no  necessity 
for  a special  method  of  distributing  the  oxygen. 

Plants  and  animals  that  live  in  the  water  must,  like  all 
other  living  things,  obtain  oxygen  if  they  are  to  carry  on 
their  life  activities.  Must  they  come  to  the  surface  for  air, 
or  is  there  air  in  the  water?  Let  us  see. 

Experiment  20.  Does  water  contain  air?  Fill  a beaker  with 
water  and  place  over  a flame.  Heat  the  water  slowly.  Note  the 
small  bubbles  which  collect  on  the  sides  of  the  beaker  and  finally 
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rise  through  the  water.  These  bubbles  are  air  which  is  driven  out 
of  the  water  because  warm  water  cannot  dissolve  as  much  air  as 
cold  water. 

The  marine  worms,  clams,  crayfishes,  lobsters,  and  fishes 
obtain  oxygen  from  the  air  dis- 
solved in  water  by  means  of  gills. 

The  gills  are  most  perfectly  de- 
veloped in  fish  (Figure  84).  They 
consist  of  comb-like  fringes  of  del- 
icate membranes  on  bony  arches. 

The  gills  contain  thousands „ of 
tiny  capillaries.  If  you  watch  a 
fish  in  an  aquarium,  you  will  note 
that  it  constantly  'opens  and  closes 
its  mouth.  This  action  causes 
water  to  ' enter  the  mouth  and 
forces  it  over  the  gills,  which  ab- 
sorb oxygen  from  it.  The  water  is 
then  forced  out  the  gill  openings. 

The  process  of  obtaining  oxygen 
varies  in  the  other  animals  men- 
tioned in  this  paragraph  (the 
marine  worms,  clams,  crayfishes, 
and  lobsters),  but  the  general 
process  is  the  same. 

Suggested  Activity.  Place  a drop 
or  two  of  carmine  red  or  ordinary  ink  at  the  mouth  of  a quiet  fish, 
and  watch  the  movements  of  the  colored  liquid.  Be  ready  to  describe 
what  you  have  seen. 

The  method  of  respiration  which  has  developed  in  insects. 
is  called  the  “air-pipe  system-”  Small  openings  on  the  side 
of  the  insect,  the  spiz&cles,  permit  air  to  enter  the  body  (Figure 
85).  Connected  with  these  spiracles  are  tiny  tubes  which 
have  branches  in  every  part  of  the  body  and  thus  form  a 
system  of  air  pipes.  These  branches  follow  the  course  of  the 
blood  vessels,  and  Qxy¥£n  enters  the  blood  all  through  the 
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body,  the  blood  passing  it  on  to  the  cells.  (Breathing  is  brought 
about  by  the  movements  of  the  abdomen.  Although  birds 
have  lungs,  they  also  have  an  air-pipe. system  in  their  bodies. 
Air  sacs  connected  with  the  lungs  are  found  in  the  abdomen 
and  under  the  skin  of  the  neck  and  legs.  The  hones  are  also 

hollow  and  are  filled  with  air. 
If  the  wind  pipe  of  a bird  is 
closed  and  the  wing  bone  opened, 
the  bird  is  able  to  obtain  suffi- 
cient air  to  maintain  life. 

Oxygen  is  obtained  by  the 
higher  plants  mainly  through 
the  leaves  and  stems.  In  our 
study  of  photosynthesis  we 
found  that  there  are  thousands 
of  tiny  openings,  the  stomata, 
in  the  leaves  (see  page  28).  Air 
enters  through  these  stomata. 
is  dissolved  in  the  sap,  circu- 
lates through  the  interior  of  the 
leaf,  and  diffuses  into  other 
parts  of  the  plant.  The  neces- 
sary oxygen  is  taken  out  of  the 
air.  Stomata  are  also  found  on  the  young  twigs  and  stems  of 
many  plants,  especially  annuals.  On  the  older  branches  the 
oxygen  is  obtained  through  openings  in  the  bark,  lenticels, 
in  the  same  manner  as  in  the  stomata. 

The  process  of  obtaining  energy  from  food  is  the  same  in 
all  living  things.  The  materials  which  are  used  as  food  are 
brought  to  the  cell  and  become  a part  of  living  matter,  or  are 
stored  in  the  cell.  By  various  methods  oxygen  is  taken  into 
the  body  of  the  living  thing  and  is  ultimately  absorbed  through 
the  cell  wall.  Inside  the  cell  the  oxygen  combines  with 
materials,  the  chemical  change  releasing  the  energy. 

What  factors  determine  the  amount  of  energy  needed? 
The  amount  of  energy  necessary  to  carry  on  the  life  processes 
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and  activities  of  living  things  varies  with  the  kind  of  living 
thing.  The  more  active  the  living  thing  the  greater  the 
amount  of  energy  needed.  2 Plants  require  much  less  energy 
than  animals  because  their  range  of  activities  is  limited. 
Some  animals,  like  the  bear,  hibernate . that  is,  sleep  during 
the  cold,  winter  months.  During  this  period  very  little 
energy  is  needled.  Some  animals,  such  as  fish,  are  cold- 
blooded; that  is,  their  temperature  is  about  the  same  as  that 
of  the  water  or  air  in  which  they  live.  The  mammals,  how- 
ever, are  all  warm-blooded;  that  is,  the  temperature  of  a 
given  species  is  always  about  the  same.  During- the  winter 
warm-blooded  animals  need  more  energy  than  cold-blooded 
animals  in  order  that  their  temperature  may  be  kept  con- 
stant. We  have  already  seen  (page  68)  that  the  amount  of 
energy  needed  by  any  particular  living  thing  also  varies  with 
the  kind  of  activity  it  performs  and  the  age  of  the  animal. 
There  are  therefore  many  factors  which  determine  the 
amount  of  energy  needed  by  any  particular  living  thing, /find 
this  amount  varies  at  different  times. 

Suggested  Activity.  If  you  have  a clinical  thermometer,  take 
the  temperature  of  your  cat,  dog,  or  horse.  If  you  have  no  ther- 
mometer, look  up  the  body  temperature  of  different  animals  in  a 
reference  book. 

Self-testing  exercise  8.  Copy  the  eight  incomplete  statements 
below.  Fill  in  the  blanks  by  using  one  of  the  following  words  or 
phrases: 

Air,  blood,  kind  of  living  thing,  oxidation,  lungs,  air  pipes,  gills, 
the  amount  of  activity,  spiracles,  food,  oxygen,  the  temperature 
of  the  air,  stomata,  supply  muscular  energy,  heart,  the  body  tem- 
perature necessary  for  proper  functioning,  lenticels,  supply  heat. 

1.  The  sources  of  energy  are (a) and ( b ).. 

2.  The  source  of  oxygen  is  the (a) 

3.  The  kind  of  chemical  change  which  produces  energy  is  called 

(a) 

4.  The  energy  is  used  in  animals  to (a) and  .(b) 

5.  The  parts  which  take  in  oxygen  in  plants  and  animals  are 

(a) , (b) , (c) , ( d ) , and (e) # 
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6.  The  oxygen  is  distributed  in  animals  by (a) and  

7.  The  blood  is  forced  through  the  body  by  the (a) 

8.  The  quantity  of  energy  required  by  living  things  depends  upon 

(a) , ........(b) , (c) and (d) 


Problem  5 : How  Are  Waste  Materials  Removed 
From  the  Bodies  of  Living  Things? 


What  kinds  of  waste  materials  are  produced  in  living  things? 

In  Problem  4 we  compared  the  living  organism  with  the 
locomotive  and  found  that  they  were  similar  in  two  respects : 
first,  they  both  need  energy,  and  second,  theyyobtain  energy 
from  fuels  by  the  process  of  oxidation.  LivingAEfimgs  are 
also  similar  to  the  locomotive  in  another  respect:  In  the 
process  of  oxidation  waste,  materials  are  produced,  and  these 
must  be  carried  away.  In  a locomotive  which  uses  coal  for 
energy,  asfies  and  clinkers  are  always  left  as  waste  products. 
Certain  gases,  such  as  carbon  dioxide,  are  also  produced  by 
the  burning  coal  and  must  be  removed  in  order  to  allow 
oxygen  to  enter.  Similarly,  waste  materials  are  produced 
in  cells.  The  materials  in  the  cell  are  constantly  undergoing 
changes  which  result  in  waste  materials.  Part  of  this  waste 
material  consists  of ' broken-down  or  worn-out  protoplasm. 

Another  part  of  waste  material  consists  of  carbon  dioxide, 
which  is  produced  when  the  oxygen  releases  the  energy  in 
cell  materials.  ^THe's'e  materials  must  be  removed  from  the 
cells  because  they  may  poison  or  prevent  the  cells  from  carry- 
ing on  their  activities^  Wastes  of  this  type  are  called  chemical 
wastes  because  they  result  from  the  chemical  processes  which 
go  on  in  the  body.  (In  addition  to  these  wastes  there  are  also 
certain  parts  of  the  food  which  are  not  digested  and  therefore 
must  be  eliminated  from  the  body.  These  wastes  produce 
poisons  if  held  in  the  body  for  too  long  a periodA, 

What  methods  are  employed  in  the  removal  of  wastes  ? In 
the  paramecium  and  the  amoeba  part  of  the  waste  is  elimi- 
nated by  means  of  the  contractile  vacuole  (Figure  74,  page  84), 
which  bursts  when  full  of  waste  material.  In  simple  plants 
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and  animals  waste  products  may  be  given  off  directly  through 
the  cell  walls  by  the  process  of  osmosis  (page  26).  This  same 
process  goes  on  in  the  cells  of  all  living  things  regardless  of 
the  complexity  of  structure.  The 
elimination  of  these  wastes  from 
the  body  varies,  however,  with  the 
structure  of  the  living  thing. 

The  removal  of  carbon  dioxide 
from  the  body  of  man  is  shown  by 
the  following  experiment. 

Experiment  21.  Where  is  carbon  di- 
oxide removed  from  the  body?  (a)  Ob- 
tain a wide-mouthed  bottle,  a candle, 
and  a glass  plate.  Attach  a small  wire 
to  the  candle,  light  the  candle,  lower  it  into  the  glass  bottle,  and 
cover  the  bottle  with  the  glass  plate  (Figure  87).  When  the 
candle  “goes  out,”  slide  the  glass  plate  a little  to  one  side  and 
remove  the  candle.  Pour  about  an  ounce  of  limewater  into  the 
bottle  and  shake  vigorously.  Observe  that  the  limewater  turns  a 
milky  color.  This  is  a chemical  test  for  carbon  dioxide. 

( b ) Pour  a little  limewater  into  a bottle  of  ordinary  air  and  shake 
it.  Does  it  show  the  presence  of  carbon  dioxide? 

( c ) Pour  a little  limewater  into  a bottle.  Insert  a glass  tube  in 
the  limewater  and  blow  through  it.  Is  there  carbon  dioxide  in 
expired  air?  Prove  your  answer. 

The  carbon  dioxide  which  is  formed  in  the  cells  passes 
through  the  cell  membrane  into  the  lymph.  From  the  lymph 
it  passes  into  the  blood  stream  and  finally  into  the  lungs 
(Figure  83).  The  carbon  dioxide  passes  through  the  mem- 
brane of  the  lungs  into  the  air  sacs  and  is  then  removed  during 
expiration.  This  same  method  of  carbon-dioxide  removal 
takes  place  in  all  animals  with  lungs.  A similar  process  takes 
place  in  animals  equipped  with  gills.  In  some  animals,  like 
the  earthworm  and  frog,  the  skin  is  thin  and  moist.  The 
skin  serves  the  same  purpose  as  the  membranes  of  the  lungs; 
carbon  dioxide  passes  through  the  skin  directly  to  the  air. 
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The  living  cells  of  an  organism  thus  carry  on  a process  of 
exchange  of  gases.  The  oxygen  is  taken  from  the  lymph 
by  the  cell,  and  the  carbon  dioxide  is  taken  from  the  cell  by 
the  lymph.  This  process  of  exchange 
of  gases,  together  with  the  liberation 
of  energy  in  the  cells,  is  called  res- 
piration. 

Plants  also  use  oxygen  for  the 
production  of  energy.  Oxygen  enters 
the  plant  through  the  stomata  in  the 
epidermis  of  the  leaf  (page  28).  The 
following  experiment  may  be  per- 
formed to  determine  if  plants  give 
off  carbon  dioxide: 

Experiment  22.  Do  plants  give  off  carbon  dioxide?  (a)  Obtain 
a wide-mouthed  bottle  and  pour  in  water  to  a depth  of  one  inch. 
Obtain  a few  healthy  green  leaves  with  their  stalks  or  petioles  and 
place  them  in  the  water.  Lower  a small  beaker  of  limewater  into 
the  bottle  and  then  cover  the  bottle  with  a glass  plate  (Figure  88). 
Place  in  a dark  place  for  twenty-four  hours.  Does  the  limewater 
show  the  presence  of  carbon  dioxide? 

(6)  Devise  a control  experiment  to  show  that  the  carbon  dioxide 
did  not  come  from  the  air  in  the  bottle. 

(c)  Apply  a thin  coating  of  vaseline  to  the  upper  and  lower 
surfaces  of  the  leaves  and  then  repeat  part  (a).  Compare  the  re- 
sults obtained  with  the  results  obtained  in  (a). 

Broken-down  cellular  material  and  wastes  from  proteins 
require  a rather  complex  method  of  excretion.  In  the  higher 
animals  these  materials  are  carried  by  the  blood  to  the  liver 
where  they  are  changed  to  another  substance  called  urea. 
The  urea  then  passes  into  the  blood.  Part  of  the  urea  is  re- 
moved from  the  blood  by  the  kidneys  and  excreted,  and  part 
is  taken  from  the  blood  by  the  sweat  glands  (Figure  89)  and 
poured  on  the  skin.  Other  animals  have  definite  methods 
of  removing  this  type  of  waste,  depending  upon  their 
structure. 
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In  all  methods  of  excretion  the  blood  serves  as  a carrier  of 
the  waste  materials  from  the  cells  to  the  parts  of  the  body 
which  remove  these  materials.  You  remember  also  that 
the  blood  carries  food  and 
oxygen  to  the  cells.  The 
blood  therefore  serves  as 
a medium  for  the  transpor- 
tation of  materials  needed 
by  the  cells  and  the  waste 
products  which  they  pro- 
duce. The  exchange  of  ma- 
terials in  the  cells  is  brought 
about  by  the  process  of 
osmosis. 

How  is  proper  elimina- 
tion of  wastes  secured? 

The  proper  elimination  of 
wastes  in  the  body  is  one  of 
the  most  important  proc- 
esses of  life.  Some  scientists 
believe  that  it  is  the  accu- 
mulation of  wastes  in  the 
cell  which  causes  fatigue.  This  has  not  been  proved,  but  it 
is  certain  that  in  some  way  the  accumulation  of  wastes  inter- 
feres with  the  performance  of  the  body  activities.  Certain 
suggestions  for  helping  the  body  get  rid  of  wastes  have  been 
made  by  physicians^^Plenty  of  exercise  causes  the  excretion 
of  an  abundant  supply  of  perspiration,  which  helps  eliminate 
urea.  This  .should  be  followed  by  a bath  to  wash  away  the 
wastes  and  to  prevent  the  pores  of  the  sweat  glands  from 
clogging.^JPlenty  of  water  will  help  the  kidneys  in  their  work 
by  supplying  abundant  material  for  dissolving  wastes^gThere 
are  also  always  some  undigested  food  materials  in  the  intes- 
tines. If  these  are  allowed  to  accumulate,  poisonous  sub- 
stances manufactured  by  the  bacteria  which  live  there  will 
have  a bad  effect  upon  the  body.  Regular  evacuation  of  the 
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large  intestine  is  therefore  necessary  to  prevent  this  from  hap- 
pening. The  suggestions  given  on  the  preceding  page  will 
enable  you  to  help  the  organs  of  the  excretory  system  in 
carrying  on  their  work. 

Self-testing  exercise  9.  List  the  various  kinds  of  wastes  pro- 
duced in  living  things.  Explain  how  each  type  of  waste  is  re- 
moved from  the  body. 

Additional  Exercises 

1/1.  Does  one  need  as  much  food  in  warm  weather  as  in  cold 
weather?  Explain. 

\J  2.  Write  a paragraph  showing  how  osmosis  is  of  value  to  living 
things. 

3.  Why  should  one  not  exercise  vigorously  after  eating? 

4.  Some  trees  are  very  much  larger  than  the  largest  animal. 
Why  do  they  not  need  a special  mechanism,  such  as  the  lungs 
which  higher  animals  possess,  to  provide  them  with  a supply  of 
oxygen? 

£/ 5.  Why  does  one  tire  more  easily  at  high  altitudes  than  at 
low  altitudes? 

6.  What  are  some  of  the  symptoms  which  indicate  that  one’s 
digestion  is  not  being  properly  carried  on? 

1/7.  Why  do  growing  children  need  more  food  in  proportion  to 
theft  weight  than  adults  need? 

8.  Compare  the  burning  of  a material  in  air  with  the  burning 
which  takes  place  in  the  body. 

^9.  Why  does  one  become  warm  during  vigorous  exercise? 

10.  Write  a set  of  directions  which  intelligent  persons  should 
follow  in  the  selection  of  food. 

11.  Plan  a desirable  menu  for  yourself  for  a week,  using  such 
information  as  you  have  obtained  in  this  unit  and  any  addi- 
tional information  relating  to  dietary  standards. 

12.  Carry  out  experiments  to  show  the  percentage  of  water  and 
minerals  contained  in  some  of  your  common  foodstuffs. 
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HOW  DO  LIVING  THINGS  GROW? 

Preliminary  Exercises 

1.  Make  a list  of  ten  changes  which  you  have  observed  in  plants 
as  they  grow,  thus: 

(a)  A lily  bulb  develops  roots,  a stem,  and  leaves. 

( b ) Each  year  new  shoots  appear  on  our  maple  tree. 

(Add  eight  more.) 

2.  Animals  show  many  changes  as  they  grow.  State  ten  changes 
which  you  have  observed,  thus: 

(a)  A young  mouse  develops  hair  on  its  body. 

( b ) A butterfly  egg  changes  into  a caterpillar. 

(Add  eight  more.) 

3.  Here  are  the  names  of  nine  different  animals:  mouse,  elephant, 
horse,  whale,  pig,  rabbit,  cat,  pigeon,  and  alligator.  These  animals 
require  different  lengths  of  time  to  grow  from  infants  to  “grown- 
ups.” Write  the  names  of  these  animals  in  the  order  of  the  length 
of  time  that  you  think  it  takes  for  them  to  “grow  up,”  placing 
first  the  one  which  requires  the  longest  time. 

4.  Write  the  names  of  the  seeds  or  sources  in  a column  in  your 
notebook,  and  to  the  right  of  each  give  the  name  of  the  plant 
which  develops  from  it. 

Seed  or  Source.  Tuber,  grain,  acorn,  spore,  bulb,  nut. 

Plant.  Wheat,  oak  tree,  lily,  potato,  hickory  tree,  bacterium. 

5.  Give  five  statements  which  show  that  it  is  important  for 
man  to  understand  how  living  things  grow,  thus: 

(a)  If  the  farmer  knows  how  his  crops  grow,  he  can  fertilize  his 
soil  and  cultivate  the  crops  to  make  them  grow  better. 

(Add  five  more.) 

6.  Write  in  a column  the  names  of  the  following  adult,  or  full- 
grown,  animals,  and  opposite  each  write  the  name  by  which  we 
call  the  animal  when  it  is  very  young:  bear,  cat,  cow,  chicken, 
horse,  sheep,  dog,  deer,  duck,  goose,  and  pigeon. 

103 


104 


EVERYDAY  PROBLEMS  IN  BIOLOGY 


7.  What  do  you  mean  when  you  say  “I  am  growing”? 

8.  There  are  given  below  fourteen  statements.  Some  are 
correct;  others  are  wrong.  You  are  to  judge.  Write  the  numbers 
from  1 to  14  in  a column  in  your  notebook.  If  a statement  is 
correct,  place  a “C”  to  the  right  of  its  number;  if  it  is  wrong, 
write  a “W,”  and  then  rewrite  the  sentence  to  make  a correct 
statement. 

1.  Trees  grow  at  the  same  rate  at  all  seasons  of  the  year. 

2.  Organisms  need  food  to  grow  larger. 

3.  Living  things  grow  larger  as  long  as  they  live. 

4.  The  roots  of  plants  grow  larger  and  branch  at  the  same  time 
that  their  stems  and  branches  increase  in  size. 

5.  Tadpoles  grow  into  frogs  more  quickly  if  they  have  an  abundant 
food  supply. 

6.  The  old  branches  of  a tree  are  lifted  higher  and  higher  from 
the  ground  as  the  tree  grows  taller. 

7.  Some  non-living  things  grow  in  size. 

8.  The  young  rabbit  begins  its  growth  very  soon  after  it  is  born. 

9.  Some  parts  of  your  body  grow  more  rapidly  than  other  parts. 

10.  All  of  the  parts  which  now  make  up  your  body  were  present 
when  you  were  born. 

11.  Most  living  things  develop  from  a seed  or  egg. 

12.  A butterfly  develops  from  a caterpillar. 

13.  Growth  in  size  of  plants  and  animals  is  primarily  the  result 
of  cell  division. 

14.  It  requires  several  years  for  a grain  of  corn  to  grow  into  a 
large  corn  plant. 

9.  List  five  kinds  of  materials  necessary  for  your  growth. 

10.  List  three  conditions  (not  materials)  essential  to  the  normal 
growth  of  boys  and  girls. 

The  Story  of  Unit  III 

You  were  once  a small  baby.  How  big  were  you  when 
you  were  born?  How  much  heavier  and  taller  are  you  now 
than  you  were  at  birth?  The  average  weight  of  new-born 
Canadian  babies  is  about  eight  pounds,  and  their  average 
length  (or  height)  is  about  twenty  inches.  At  the  age  of 
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fourteen  years  most  boys  and  girls  weigh  slightly  over  one 
hundred  pounds  and  are  from  sixty  to  sixty-six  inches  tall. 
All  of  us  grow.  How  much  have  you  grown  since  you  were 
born? 

Other  living  things  also  grow. 

You  have  seen  many  cases  of 
growth.  A small  puppy  is  a 
big  dog  a year  after  it  is  born. 

The  grain  of  corn  put  into  the 
ground  in  May  becomes  a corn 
plant  a foot  high  in  June  and 
several  feet  high  in  August.  The 
small  chick  which  hatches  from 
the  egg  in  spring  is  a large  hen 
or  rooster  in  a few  months.  The 
baby  which  weighs  only  eight 
pounds  at  birth  may  grow  into 
a young  man  weighing  over  150 
pounds.  An  acorn  grows  into 
a giant  oak  tree.  Even  the  very 
smallest  plant  or  animal,  com- 
posed of  only  one  cell,  increases 
in  size. 

We  can  readily  see  that  plants 
and  animals  grow,  but  how  they 
grow  is  not  so  easy  to  observe. 

A grain  of  wheat  develops  roots 
which  grow  downward  into  the  soil  and  stems  which  grow 
upward.  New  material  is  added  to  growing  things,  or  they 
could  not  become  larger.  Of  course,  the  bean  plant  is  more 
than  an  enlarged  bean  seed.  Certain  changes  must  take  place 
when  growth  occurs,  producing  materials  different  from  those 
which  the  living  things  take  into  their  bodies  as  food.  But 
how  and  where  within  the  living  thing  is  this  new  material 
formed?  That  is  a puzzling  problem  which  we  shall  try  to 
solve  in  this  unit. 


Fig.  90.  This  little  pup  weighs 
only  one  pound,  two  ounces. 
Its  body  will  change  and  add 
new  materials  until  it  grows 
into  an  adult  dog  of  many 
pounds  weight.  (Underwood  and 
Underwood  photo.) 
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Perhaps  you  have  observed  that  some  living  things  undergo 
very  marked  changes  as  they  increase  in  age.  Not  only  do 
they  develop  new  parts,  but  they  seem  almost  to  change  into 

new  creatures.  A bean 
seed  or  a Jilx_bjLlIb  put 
into  warm,  moist  soil 
begins  to  grow.  Soon 
the  seed-leaves  of  the 
bean  and  the  blade-like 
tip  of  the  lily  appear 
above  the  soil.  Growth 
continues;  after  a time 
flowers  and  seeds  de- 
velop, and  when  the 
plant  is  pulled  from  the 
soil,  we  find  a network 
of  roots...  A certain  crea- 
ture which  begins  life  as 
an  egg  soon  becomes  a 
larva,  then  a pupa , and 
finally  comes  out  of  its 
cocoon  as  a beautiful 
moth  (Figure  91).  This 
is  another  illustration  of 
how  organisms  change 
with  age.  These  are  only 
two  of  the  many  kinds 
of  organisms  which  un- 
dergo marked  changes  as  they  grow  from  the  seed  or  egg 
to  maturity.  Nature  shows  us  changes  of  this  kind  on  every 
hand.  But  how  does  the  seed  grow  into  the  plant?  What  are 
the  different  kinds  of  changes  which  living  things  undergo  as 
they  grow? 

You  have  probably  noticed  that  some  plants  and  animals 
do  not  grow  normally,  while  others  do.  Some  never  develop 
into  healthy  organisms.  For  example,  two  grains  of  corn 


Fig.  91.  The  Cecropia  moth  lays  tiny 
white  eggs,  shown  here  highly  magnified. 
From  the  egg  develops  the  worm-like 
larva,  which  spins  for  itself  a cocoon, 
here  partly  torn  away  to  show  the  pupa. 
In  this  cocoon  development  continues 
until  finally  the  beautiful  moth  appears. 
(Geo.  T.  Hillman  photos.) 
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are  planted  in  a field.  One  grows  into  a fine  plant  bearing 
two  ears  of  corn;  the  other  becomes  only  a scrubby  plant 
not  bearing  a single  ear.  Sometimes  we  notice  that  plants 
and  animals  are  healthy  and  grow  normally  for  a time,  and 
then  something  hap- 
pens to  them  which 
prevents  them  from 
attaining  their  normal 
development.  Even 
among  children  and 
full-grown  persons  we 
see  some  who  have 
failed  to  develop  nor- 
mally, although  appar- 
ently they  have  had 
good  care  and  plenty 
of  good  food.  It  seems  that  the  process  of  growth  is  regu- 
lated in  some  way.  How  can  this  be  true? 

As  you  think  about  growth  and  its  meaning,  you  see  that 
you  are  already  acquainted  with  this  wonderful  activity  of 
living  things.  Perhaps  you  have  wondered  if  it  is  of  any 
importance  for  us  to  know  how  growth  takes  place.  The 
farmer  thinks  it  is.  He  spends  much  of  his  time  getting  and 
keeping  the  soil  in  such  condition  that  he  can  produce  good 
crops.  He  feeds  and  cares  for  his  animals  in  order  that  they 
may  grow  large  and  healthy.  The  gardener  who  has  some 
knowledge  of  plants  and  plant  growth  is  more  successful  in 
starting  young  plants  and  producing  from  them  beautiful 
flowers  and  fine  vegetables  than  is  the  person  who  is  igno- 
rant about  plant  growth.  In  Unit  VII  you  will  consider  how 
man  uses  his  knowledge  of  growth  in  producing  better  plants 
and  animals  for  food.  The  doctor  and  the  nurse  also  think 
it  is  important  to  know  about  growth  so  that  they  may  help 
babies  grow  into  strong  men  and  women.  What  does  your 
mother  need  to  know  about  your  growth?  What  do  you 
think  you  ought  to  know  about  growth? 


Fig.  92.  These  hogs  were  of  the  same  age 
and  same  breed.  One  grew  to  normal  size; 
the  other  failed  to  grow.  This  unit  will 
help  you  understand  why. 
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Problem  1 : How  Is  Growth  Related  to  the 
Cell  Structure  of  Organisms? 

Study  Suggestion.  In  this  problem  you  will  come  to  under- 
stand the  process  of  growth  in  simple  organisms.  Then  you  will 
be  able  to  understand  better,  in  Problem  2,  the  growth  of  the 
complex  plants  and  animals. 

Ordinarily  you  might  think  that  things  grow  larger  by 
adding  material  to  the  outside  just  as  a snowball,  rolled 
along  in  wet  snow,  adds  layer  upon  layer  of  snow.  Non- 
living things  do  grow  this  way.  You  may  recall  how  a hail- 
stone in  passing  through  alternate  layers  of  moist,  warm  air 
and  cold  air  grows  larger  by  adding  a layer  of  ice  each  time 
it  is  carried  through  a layer  of  cold  air.  Perhaps  you  have 
seen  crystals  of  various  chemical  compounds  grow  when  the 
water  is  evaporated  from  solutions  of  the  compound. 

Experiment  23.  How  do  crystals  grow?  Obtain  crystals  of 
copper  sulphate,  sodium  hyposulphate  (“hypo”),  alum,  or  table 
salt.  Select  one  of  these  substances,  powder  some  of  it,  and 
dissolve  it  in  half  a glass  of  warm  water  by  stirring.  Add  enough 
powdered  crystals  so  that  after  vigorous  stirring  there  are  some 
crystals  left  undissolved  at  the  bottom  of  the  glass.  Allow  it  to 
settle  for  fifteen  minutes,  and  then  pour  most  of  the  clear  liquid 
above  the  undissolved  crystals  into  a clean  glass.  Now,  by  means 
of  a thread,  suspend  a crystal  of  the  substance  in  the  clear  solution. 
Set  the  glass  in  a quiet  place  for  a few  days  and  observe  what 
happens.  Does  the  crystal  grow?  How? 

The  kind  of  growth  which  you  observe  in  the  experiment 
is  called  accretion.  The  growth  takes  place  by  adding  more 
of  the  same  material  to  the  outside  of  the  original  substance. 

Does  growth  in  living  things  take  place  by  accretion?  Can 
you  explain  the  growth  of  a grain  of  corn  into  a corn  plant 
by  saying  that  the  grain  of  corn  adds  more  material  on  the 
outside  and  thus  becomes  a corn  plant?  Surely  a pig  does 
not  become  larger  by  accretion  of  more  pig.  Growth  in 
living  things  is  unlike  growth  by  accretion. 
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Stages  in  cell  division. 


You  recall  from  Units  I and  II  that  all  living  things  take 
food,  and  that  they  are  composed  of  cells.  They  do  add 
foods  to  their  bodies,  but  these  foods  are  not  added  with- 
out themselves  being  changed.  The  green  plant,  you  recall, 
uses  carbon  dioxide,  water,  and  minerals  to  manufacture 
foods.  Through  chemical  change 
it  is  able  to  make  these  raw 
materials  over  into  such  sub- 
stances as  carbohydrates,  fats, 
and  proteins.  These  new  sub- 
stances, together  with  minerals, 
are,  in  turn,  made  into  roots, 
stems,  leaves,  bark,  and  other 
parts  of  the  plant.  Similarly,  a 
cow  may  eat  green  grass  and  drink  clear  water,  and  then 
change  these  into  milk,  hair,  skin,  bones,  and  beefsteak. 
These  wonderful  chemical  changes  and  the  cell  structure  of 
all  living  things  give  us  a clue  to  our  problem  about  the 
nature  of  growth. 

The  elements  which  make  up  food  substances  and  the 
water  which  is  absorbed  are,  as  you  have  learned,  made  into 
a new  substance,  protoplasm.  This  process,  called  assimi- 
lation^ changes  non-living  materials  into  living  substance. 
How  this  change  is  brought  about  is  not  known  by  scientists. 
For  years  biologists  have  been  trying  to  produce  living  ma- 
terials by  combining  the  raw  materials  from  which  proto- 
plasm is  made.  Until  this  is  accomplished,  we  shall  probably 
not  know  how  the  cell  is  able  to  manufacture  living  material 
from  non-living  material.  At  present,  new  protoplasm  can 
be  manufactured  only  by  old  protoplasm. 

As  the  amount  of  protoplasm  increases,  the  cell  becomes 
larger.  When  a certain  stage  is  reached,  the  cell  divides  into 
two  cells  by  a process  called  division  .(Figure  93).  Note 
that  both  the  nucleus  and  cytoplasm  divide,  one-half  going 
to  make  up  each  of  the  new  cells.  These  new  cells  take  in 
food,  manufacture  protoplasm,  and  increase  in  size.  Thus 
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all  one-celled  organisms  begin  life  as  small  cells  and  grow 
larger  by  changing  non-living  materials  into  new  living  proto- 
plasm, or  organic  material. 

In  some  simple  organisms,  like  the 
yeast,  the  cell  does  not  divide  into  two 
cells  of  equal  size,  such  as  are  shown  in 
Figure  93,  but  it  develops  one  or  more 
buds  (Figure  94).  In  time  these  buds 
get  larger  as  more  protoplasm  is  pro- 
duced by  the  mother  cell.  Let  us  ex- 
amine some  yeast  plants. 

Fig.  94.  Yeast  plants.  Experiment  24.  How  does  the  yeast  plant 
grow?  Examine  some  yeast  plants  which 
have  been  placed  in  a ten-per-cent  solution  of  sugar  or  syrup  for 
several  hours  and  kept  warm.  Look  at  Figure  94  and  then  ex- 
amine the  yeast  under  the  microscope.  Do  you  see  the  buds  on 
some  of  the  yeast  cells?  Can  you  find  cases  where  these  buds  are 
very  small,  and  other  cases  where  the  buds  are  larger?  After  a time, 
these  buds  usually  separate  from  the  mother  cells,  forming  new 
yeast  plants. 

Examination  of  various  kinds  of  simple  plants  and  animals 
shows  that  the  new  cells  formed  by  division  do  not  always 
separate  from  each  other.  Sometimes  they  adhere  to  each 
other  in  the  form  of  spherical  colonies,  narrow  filaments 
or  threads,  plates,  or  sheets. 

Experiment  25.  How  do  similar  cells 
form  colonies  and  filaments?  (a)  Obtain 
some  of  the  green  material,  called  Pleurococ- 
cus,  which  grows  on  the  bark  of  trees,  usually 
on  the  north  side.  Scrape  a little  of  this  ma- 
terial off  the  bark,  place  it  on  a slide,  and 
mount  in  a drop  of  water.  Examine  the  ma- 
terial with  the  microscope,  observing  that 
some  of  the  little  cells  are  in  colonies  of  two 
or  more  (Figure  95).  Each  of  the  cells  divides  when  the  cell 
increases  to  a certain  size,  and  sometimes  the  new  cells  stick 


Fig.  95.  Pleurococ- 
cus  cells,  (a)  single, 
and  ( b ) in  colonies. 
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together,  forming  the  colony.  In  the  colony  of  Pleurococcus  cells 
each  cell  is  an  independent  plant  and  has  the  same  structure  as 
the  other  cells  of  the  colony. 

(b)  Examine  some  Spirogyra  under 
the  microscope.  Note  the  long  cells 
as  shown  in  Figure  96.  Observe  how 
the  cells  are  arranged  in  a filament 
formed  by  the  division  of  a single 
original  cell.  If  Nostoc,  Oscillatoria, 

Ulothrix,  (Edogonium,  and  such  brown 
algae  as  Ectocarpus  and  Fucus  (rock- 
weed)  are  available,  examine  them 
for  their  interesting  cell  arrangements. 

As  we  examine  other  simple 
forms  of  plant  and  animal  life,  it 
may  be  seen  that  in  some  forms 
all  of  the  cells  produced  by 
division  are  not  exactly  alike.  For  example,  in  the  plant 
called  Ulothrix,  shown  in  Figure  97,  one  of  the 
cells  in  the  filament  is  longer  and  narrower 
than  the  others  and  has  a holdfast  at  the  base 
by  which  it  attaches  itself  to  objects.  Thus 
the  filament  may  be  made  up  of  two  kinds 
of  cells,  both  produced  from  the  original  cell 
by  division.  Among  the  simpler  animals  we 
may  take  as  an  example  the  hydra,  which 
you  have  previously  met  (see  page  85).  The 
hydra  develops  from  a single  cell  which  divides 
into  two,  four,  eight,  sixteen,  and  more  cells. 
As  the  cells  continue  to  increase  in  number, 
some  of  them  are  unlike  the  original  cell. 
Some  of  the  cells  are  used  to  hold  the  hydra 
to  its  support,  some  appear  as  tentacles,  some 
are  used  to  sting,  and  some  are  used  to  digest 
food  (see  Figure  75).  In  these  few  examples 
of  the  simplest  forms  of  plant  and  animal  life  you  see  another 
phase  of  growth,  that  is,  the  development  of  new  cells  for 
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special  purposes.  This,  ii&fialled  differentiation.  The  new  cells 
are  not  independent  organisms  like  the  one-celled  amoeba, 
the  yeast,  and  the  Pleurococcus;  all  of  them  together  form  the 
new  organism  with  its  various  parts. 

The  preceding  paragraphs  and  experiments  of  this  prob- 
lem furnish  you  with  the  fundamental  explanation  of  how 
living  things  grow.  Every  organism  begins  life  as  a single 
cell.  This  cell  assimilates  food,  builds  protoplasm,  and 
increases  in  size.  If  the  organism  is  one-celled,  it  divides  into 
two  cells,  each  of  which  is  like  the  parent  cell.  If  the  organism 
is  many-celled,  the  division  likewise  continues  as  new  proto- 
plasm is  produced.  However,  except  in  some  of  the  sim- 
plest plants  and  animals,  the  new  cells  are  not  all  of  the 
same  kind,  and  they  hold  together  to  make  up  the  living 
thing.  In  the  higher  plants  and  animals  the  new  cells  are 
of  many  different  kinds,  as  you  learned  in  Unit  II  (see 
page  73). 

In  general,  then,  we  may  say  that  growth  consists  of  (1) 
the  assimilation  of  non-living  substances  and  the  production 
of  protoplasm,  (2)  the  increase  in  the  size  of  the  cell  or  cells, 
(3)  the  increase  in  the  number  of  cells,  and  (4)  the  develop- 
ment, in  higher  organisms,  of  different  kinds  of  cells  which 
serve  special  purposes. 


Self-testing  exercise  1.  Copy  the  paragraph  below.  As  you 
copy  it,  fill  in  the  blanks  with  the  proper  words.  Use  only  one 
word  for  each  blank. 

Living  things,  unlike  non-living  things,  do  not  grow  by  the 
process  of  ^YAYrbut  by  the  process  of  In  assimilation 

non-living  materials  are  changed  into  the  living  stuff,  called 
inside  the  of  the  organism.  When  the  cells  reach  a cer- 

tain size,  they  iKvfiiA,  producing  two  individuals.  In  this  process 
both  the  nucleus  and UiU^h-^aFe  separated  into  two  parts.  In 
the  higher  organisms,  which  are  composed  of  many  ..c  « _(.{>,  growth 
consists  not  only  of  increase  in  the  number  of  cells,  but  also  in  the 
production  of  ... kinds  of  cells.  This  phase  of  growth  is 
known  as  4_U-*TTeol  cells  and  results  in  the  formation  of  different 
in  the  organism. 
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Problem  2:  How  Do  Higher  Plants  Grow? 

Study  Suggestion.  In  this  problem  you  will  consider  a few 
of  the  higher  plants  as  examples  of  growth  and  try  to  understand 
how  and  where  some  of  the  changes  that  were  mentioned  in 
Problem  1 take  place. 

How  does  the  seed  grow  into  a young  plant?  Most  of  our 
common  plants  in  the  garden  and  field  grow  from  seeds. 
We  shall,  therefore,  begin  our  study 
of  this  problem  by  examining  the 
seeds  of  two  plants  with  which  we 
are  all  familiar.  Let  us  see  what 
the  parts  of  these  seeds  are  from 
which  the  plant  grows.  We  shall  ex- 
amine the  bean  and  the  corn.  These 
are  large,  and  it  will  be  possible  to 
find  the  parts.  Then,  too,  the  bean 
and  corn  represent  two  important 
classes  of  seed  plants. 

Experiment  26.  What  are  the  im- 
portant parts  of  the  bean  seed  and  the 
corn  grain?  (a)  Obtain  a dry  kidney 
or  lima  bean  and  one  that  has  been 
soaked  for  a day.  Examine  these  and 
find  the  various  parts  that  are  shown  in 
Figure  98.  Look  up  the  meaning  of  these 
new  words  in  the  glossary.  Also  read  the 
experiment. 

( b ) Examine  a dry  grain  of  corn  and  one  that  has  been  soaked. 
Refer  to  Figure  99  and  locate  the  various  parts. 

(c)  How  does  soaking  the  seeds  in  water  change  the  appear- 
ance of  the  seeds? 

When  the  seed  coat  of  the  bean  is  slipped  off,  the  seed  is 
seen  to  consist  of  two  halves,  called  cotyledons.  Packed  away 
in  the  corner  of  one  half  is  a small  body  which  consists  of  two 
easily  seen  parts.  If  you  examine  it  closely  with  the  naked 


point  at  which  the  bean  is 
attached  to  the  pod.  The 
micropyle  is  a tiny  hole, 
whose  use  you  will  learn 
later  in  this  unit. 

paragraph  following  this 
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Endosperm 

otyledon 

Embryo 


— ^-Endosperm 

Plumule 
Cotyledon 
Hypocotyl 


eye,  or  better  still  with  a small  hand  lens,  you  can  easily  make 
out  the  part  which  grows  into  the  stem  and  leaves  and  the 
part  which  develops  into  the  root. 
The  two  halves  of  the  seed  consist 
of  food  which  has  been  stored  there 
by  the  plant.  This  food  furnishes 
the  material  necessary  for  growth 
until  the  young  plant  has  devel- 
oped to  the  point  where  it  can  man- 
ufacture its  own  food.  The  two 
halves  of  the  seed  and  the  parts 
which  grow  into  the  stem  and  roots 
FlG-  "•  Far's  0{,the  ?orn  make  up  what  is  called  the  embryo. 
(B)  seed  coat  removed.  _ The  embryo  is  really  just  a min- 
The  plumule,  cotyledon,  iature  plant.  Figures  98  and  99  show 
and  hypocotyl  make  up  the  the  names  of  the  different  parts  of 
embryo.  , T i r 

seeds.  It  will  be  necessary  for  you 

to  know  the  names  of  these  parts  in  order  to  read  the 
discussion  which  follows. 

The  corn  grain  has  a somewhat  differ- 
ent structure  from  the  bean  seed.  Figure 
100  shows  that  the  embryo  is  but  a small 
part  of  the  seed.  The  major  part  of  the 
grain  of  corn  consists  of  the  starchy  part 
or  endosperm.  This  endosperm  supplies 
the  food  material  for  the  growing  plant. 

It  thus  has  the  same  use  to  the  plant 
as  the  cotyledons  of  the  bean  seed.  The 
corn  embryo  differs  from  the  bean  em- 
bryo in  that  it  has  but  one  cotyledon. 

As  you  will  learn  in  Unit  VI,  the  differ- 
ence in  the  number  of  cotyledons  is  one 
of  the  bases  used  to  classify  plants  into 
different  groups.  Those  with  one  cotyledon  are  called  mono- 
cotyledons; those  with  two  cotyledons  are  called  dicotyledons. 
Now  let  us  see  what  happens  during  the  process  of  growth. 


Fig.  100.  Longitudinal 
view  of  a corn  grain. 
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Experiment  27.  How  do  bean  seeds  and  corn  grains  develop? 

(a)  Obtain  lima  or  kidney  beans  which  have  been  soaked  for  a 
day  and  then  planted  in  moist  sawdust  or  soil  and  allowed  to 
develop  for  two  days,  for  five 
days,  for  eight  days,  for  ten 
days,  for  twelve  days,  and  for 
two  weeks.  Observe  them  as 
you  remove  them  from  the  soil, 
noting  the  position  of  the  va- 
rious parts  with  respect  to  the 
surface  of  the  soil  and  to  each 
other.  Spread  the  different  sam- 
ples before  you,  and  with  the 
help  of  Figures  101  and  102  ob- 
serve what  has  taken  place. 

Answer  the  following  questions: 

1.  What  part  of  the  seed  first 
breaks  through  the  seed  coat — 
the  part  that  develops  intoaroot 
(the  radicle ) or  the  part  that  de- 
velops into  the  stem?  How  long 
after  planting  does  this  occur? 

2.  In  which  direction  does  the 
radicle  grow?  The  radicle  becomes  the  primary  root;  the  branches 
from  the  primary  root  are  secondary  roots.  How  long  after  plant- 
ing does  the  radicle  branch,  forming  secondary  roots? 

3.  How  are  the  cotyledons  and  plumule  brought  above  the 
ground?  What  changes  occur  in  the  cotyledons  and  plumule  as 
the  plant  develops? 

( b ) Repeat  part  (a),  using  sweet  corn  or  field  corn  in  the  differ- 
ent stages  of  development.  Try  to  answer  the  following  five 
questions: 

1.  What  part  of  the  grain  first  breaks  through  the  seed  coat? 

2.  What  part  of  the  seedling  first  shows  itself  above  the  soil? 

3.  Is  the  cotyledon  lifted  out  of  the  soil  by  the  hypocotyl  as 
in  the  case  of  the  growing  bean  seed? 

4.  How  do  the  first  leaves  differ  in  appearance  from  the  leaves 
of  the  bean? 

5.  What  happens  to  the  endosperm  as  the  plant  grows  larger? 


Fig.  101.  Early  stages  in  the  ger- 
mination of  the  bean  seed. 
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Suggested  Activity.  Soak  different  kinds  of  seeds  and  grains  in 
water  including  clover,  radish,  turnip,  mustard,  peas,  oats,  squash, 
pumpkin,  sunflower,  watermelon,  peanut,  barley,  and  rye.  Let  them 
soak  for  24  hours;  then  examine  each  seed  and  try  to  find  the  parts 
shown  in  Figures  98  and  99.  Classify  the 
seeds  according  to  whether  they  belong  to  the 
same  group  as  the  corn  or  the  same  group  as 
the  bean. 

Self-testing  exercise  2.  Examine  Figures 
101  and  102  and,  recalling  your  experiment, 
state  the  principal  steps  which  take  place  as 
the  seed  or  grain  develops,  thus: 

(^4)  The  bean  develops  as  follows: 

(/)  The  seed  coat  splits  open. 

(2)  The  radicle  goes  downward  in  thesoil. 
(Add  as  many  more  statements  as  you  can.) 
( B ) The  corn  (etc.) 


the  germination  of 
corn  grain. 


The  (first  step  in  the  growth  of  the  seed  is  the  swelling 
of  the  seed  caused  by  taking  in  water  either  through  the 
micropyle  or  by  osmosis  through  the  cells  of  the  seed  coat. 
The  protoplasm  of  the  embryo  becomes  diluted  (thinner) 
by  the  addition  of  water,  and  the  living  cell  then  begins  to 
respire.  This  respiration  is  the  jsecondTstep  in  germination , 
or  the  change  from  a seed  to  a young  plant. 

Experiment  28.  How  can  we  show  that  seeds  respire?  ( a ) 
Obtain  four  bottles  of  the  same  size  fitted  with  rubber  stoppers. 
Into  each  of  two  of  the  bottles  pour  a small  handful  of  wheat  or 
corn  grains  which  have  been  soaked  for  24  hours.  Stopper  the 
other  two  bottles  and  set  all  aside  for  two  or  three  days. 

( b ) Lower  a small,  burning  candle  into  one  of  the  bottles  with  seeds 
in  it.  Note  how  well  the  candle  burns.  Repeat,  using  one  of  the 
bottles  without  seeds.  Explain  the  difference  in  results. 

(c)  Turn  the  second  bottle  containing  seeds  mouth-downward; 
quickly  remove  the  stopper  to  let  the  seeds  fall  out,  and  imme- 
diately re-stopper  and  invert.  Now  add  20  cubic  centimeters  of 
limewater  and  shake.  Result?  Repeat  the  limewater  test  on  the 
air  in  the  second  bottle  which  did  not  contain  seeds. 

(d)  What  do  you  conclude  from  this  experiment? 
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Suggested  Activity.  Fill  a small  wide-mouthed  bottle  with  dried 
peas.  Pour  in  water  and  then  cork  the  bottle.  Wire  the  cork  in  place 
as  firmly  as  possible.  What  happens?  What  is  your  explanation? 

The  fact  that  germinating  seeds  take  in  oxygen  and  produce 
carbon  dioxide  shows  that  the  living  cell  begins  to  respire 
early  in  the  process  of  germination.  The  respiration  pro- 
duces heat  which  keeps  the  seeds  warm,  as  one  may  easily 
show  by  taking  the  temperature  of  germinating  seeds.  Respi- 
ration also  produces  the  necessary  energy  to  carry  on  the 
growth  process. 

Experiment  29.  Do  germinating  seeds  give  off  heat?  Devise 
an  experiment  which  will  prove  that  germinating  seeds  are  warmer 
than  seeds  which  are  not  germinating. 

The  (third  step,  in  the  growth  of  the  seed  is  the  digestion 
of  the  foodsfwhich  are  stored  in  the  seeds.  Chemical  tests 
show  that  practically  all  seeds,  as  well  as  bulbs  and  tubers, 
from  which  higher  plants  grow,  contain  starch,  protein,  and 
fat  or  oils.  These  food  substances  are  insoluble  in  water 
and  cannot  be  used  directly  as  foods  by  the  embryo.  In 
the  process  of  digestion  the  embryo  produces  enzymes,  which 
you  recall  from  Unit  II.  These,  then,  change  the  starch, 
proteins,  and  fats  or  oils  in  the  seed  into  soluble  materials. 
Experiment  17,  page  78,  showed  you  that  diastase,  one  of 
the  enzymes,  changes  insoluble  starch  into  soluble  sugar. 
Similarly,  other  enzymes  change  proteins  and  fats  into  such 
forms  that  they  can  be  absorbed. 

Thejfourth  step  jin  the  germination  of  the  seed  is  the  transfer 
of  the  digested  foods  to  the  growing  points  of  the  plumule  and 
radicle.  This  takes  place  mainly  by  osmosis  from  one  cell 
to  another  until  the  food  reaches  the  growing  points. 

The  fifth'step\is  the  assimilation  of  the  soluble  food  ma- 
terials irTtEe^rowing  cells.  These  materials  are  changed  into 
new  protoplasm,  and  the  cells  of  the  embryc^ enlarge  and 
divide  into  more  and  more  cells  until  the  seed  coats  are 
broken  open  by  the  pressure  of  the  growing  cells.  These  five 
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changes  are  much  the  same  in  all  seeds,  but  from  here  on 
it  becomes  necessary  to  consider  different  seeds  for  further 
changes. 

In  the  bean  the  radicle  is  first  to  come  out  of  the  seed  coat. 
As  it  receives  food  from  the  cotyledon,  it  increases  in  length 

by  division  of  the  cells 
near  its  lower  end  and  also 
forms  epidermal  cells  on 
the  sides.  Thus  it  becomes 
the  primary  root.  Some  of 
these  epidermal  cells  grow 
long  extensions  at  the  side, 
forming  root  hairs,  as  you 
learned  in  Unit  I.  The  pri- 
mary root  branches,  form- 
ing secondary  roots,  each 
of  which  has  growing  cells 
near  its  end.  Thus  the 
seedling  develops  a root 
system.  While  the  root  sys- 
tem is  developing,  the  hy- 
pocotyl  grows  at  the  oppo- 
site end,  forming  an  arch 
and  lifting  the  cotyledons 
out  of  the  ground,  usually 
minus  their  seed  coats.  The 
plumule  slowly  develops 
into  leaves  with  many  cells. 
The  cotyledons  continue  to 
furnish  food  to  the  plu- 
mule. At  the  same  time 
they  develop  cells  with  chloroplasts  which  for  a short  time 
carry  on  photosynthesis  and  thus  manufacture  food  for  the 
seedling  plant.  But  asjjre  leaves  develop,  the  work  of  the 
cotyledonsibecomes  completed,  and  they  shrink  and  prac- 
tically disappear  (Figure  103).  By  this  time  the  leaf  and 


103.  Later  stages  in  the  growth 
of  the  bean  plant. 
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root  systems  are  developed  far  enough  to  manufacture  the 
necessary  food  for  further  growth.  The  seedling  is  now  a 
young  plant. 

In  seeds  like  the  corn  the  primary  root  is  first  to  emerge 
from  the  seed  coat.  Soon  branches  called  lateral  roots  ap- 
pear at  the  sides.  The  plumule  also  re- 
ceives digested  food  from  the  endosperm, 
and  by  division  of  cells  it  produces  the 
young  shoot  which  contains  the  leaves 
enclosed  in  the  leaf  sheath.  As  the  leaves 
go  on  growing,  the  sheath  is  broken  open, 
and  the  first  leaf  or  blade  appears  under- 
ground. At  the  base  of  the  shoot  roots  de- 
velop and  extend  outward  in  all  directions. 

As  growth  continues,  other  leaves  develop 
and  other  roots  grow  from  the  stem.  These 
roots  take  the  place  of  the  primary  root 
system  which  soon  dies.  During  all  this 
time  the  endosperm  and  cotyledon  remain 
in  the  soil,  the  cotyledon  serving  to  trans- 
fer digested  food  from  the  endosperm  to 
the  growing  parts.  The  leaves  continue  to 
push  their  way  upward  through  the  soil  and 
emerge  above  ground.  Once  in  the  sun- 
light, the  leaves  develop  chlorophyll,  be- 
come green,  and  begin  to  manufacture 
food.  By  the  time  the  stored  food  of  the  endosperm  is  ex- 
hausted, the  plant  is  able  to  manufacture  its  needed  food 
supply.  Germination  is  now  complete,  and  the  seedling  has 
become  an  independent  plant. 

Thus  you  have  traced,  in  very  brief  form,  the  story  of  the 
growth  of  certain  higher  plants  from  the  seed  to  the  young 
plant.  There  are  many  more  details  to  the  complete  story. 
These  you  may  some  day  learn  in  advanced  biology  or 
botany,  or  by  yourself.  Nor  have  you  completed  the  story 
of  the  growth  of  the  plant,  for  you  have  not  considered  the 


Fig.  104.  Later 
growth  of  corn 
plant. 
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production  of  flowers,  fruits,  and  seeds.  This  part  of  the 
story  we  shall  leave  until  the  next  unit. 

Suggested  Activity.  You  can  see  for  yourself  how  a root  grows 
in  length  by  doing  the  following  experiment:  Obtain  a bean  seed 
which  has  developed  a root  about  one-half  inch  in  length.  Moisten  a 
piece  of  thread  with  India  ink  and  make  marks  at  regular  intervals 
along  the  root.  Place  the  seed  in  damp  sawdust.  Remove  it  occasion- 
ally and  observe  if  all  parts  of  the  root  grow  equally.  What  are  your 
conclusions? 

Suggested  Activity.  Test  different  kinds  of  seeds  to  determine 
their  food  content.  Refer  to  Experiment  11,  page  34,  and  Experiment 
16,  page  76,  for  the  test  for  starch  and  sugar.  To  test  for  protein, 
grind  the  seed  into  small  particles.  Pour  the  particles  in  a test  tube 
and  add  a small  amount  of  nitric  acid.  Heat  to  boiling  and  then  add 
ammonium  hydroxide.  If  protein  is  present,  the  material  will  change 
to  a deep  orange  color.  To  test  for  oil,  break  the  seeds  in  small 
pieces  and  place  them  on  a piece  of  brown  paper.  Heat  the  paper 
and  seeds  in  an  oven.  The  presence  of  oil  is  shown  by  a grease 
spot  which  can  be  detected  if  the  paper  is  held  to  the  light. 

Arrange  your  results  in  a table  to  show  the  composition  of 
different  seeds. 

Self-testing  exercise  3.  Answer  each  of  the  following  questions 
in  one  or  a few  complete  sentences: 

1.  How  do  you  know  that  germinating  seeds  respire? 

2.  How  are  the  foods  in  seeds  digested  during  germination? 

3.  What  is  the  function  of  the  endosperm  of  a corn  grain? 

4.  From  what  part  of  a bean  seed  do  the  first  leaves  develop? 

5.  How  does  the  shoot  of  a seedling  originate? 

6.  What  is  the  difference  between  the  primary  roots  and  the 
secondary  roots? 

How  does  the  young  plant  continue  its  growth?  The 

complete  story  of  the  growth  of  the  young  plant  into  an 
adult  plant  is  complex,  and  belongs  to  the  study  of  botany. 
Only  a few  of  the  principal  stages  will  be  considered  here. 
We  can  understand  these  stages  better  if  we  first  examine 
the  growing  twig,  or  shoot , of  a tree,  for  this  will  show  clearly 
the  principal  parts  that  illustrate  growth. 
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Experiment  30.  What  are  the  principal  parts  of  a shoot? 

Obtain  some  young  shoots  from  trees  such  as  the  apple,  pear,  horse- 
chestnut,  buckeye,  or  poplar.  Find  the  bud  that  is  at  the  tip  of  the 
shoot.  Open  it  carefully  and  observe  the  young  overlapping  leaves. 
This  bud,  called  the  terminal  bud,  is  a leaf  bud;  it  develops  during* 
the  following  spring  into  a new  branch  or  shoot 
and  leaves.  Note,  too,  the  lateral  buds  along  the 
side  of  the  twig.  These  may  be  either  leaf  buds 
or  flower  buds.  Open  them  and  observe  their 
structure.  Just  below  the  lateral  buds  you  will 
see  moon-shaped  scars  left  where  the  leaves  fell 
off  the  twig. 

Now  run  down  the  twig  from  the  terminal  bud 
until  you  come  to  a ring  of  scars  all  the  way 
around  the  shoot.  You  will  find  on  the  way 
down  the  shoot  several  enlargements  or  nodes, 
where  the  leaves  develop,  and  you  will  notice  the 
sections  between  the  nodes,  called  internodes. 

Be  sure  that  you  do  not  confuse  these  nodes 
with  the  ring  of  scars  which  you  are  trying  to 
locate.  The  ring  of  scars  was  caused  when  the 
terminal  bud  scales  fell  off  during  the  previous 
spring.  This  ring,  therefore,  marks  the  place 
where  the  growth  started  the  previous  spring, 
and  the  distance  from  this  ring  to  the  end  of 
the  twig  shows  the  growth  for  one  year.  See 
if  you  can  find  other  rings  farther  down  the 
twig  or  shoot,  and  by  means  of  them  determine 
the  age  of  the  shoot.  Do  you  find  any  branches 
or  shoots  which  are  only  one  year  old?  (Refer  to 
Figure  105  if  you  need  help  in  finding  the  different  parts  of  the 
shoot  that  you  are  examining.) 

As  growth  continues  to  take  place,  the  young  stem  becomes 
longer  by  further  division  of  cells  at  the  tip  and  by  increase  in 
the  length  and  number  of  the  cells  of  the  internodes.  Mean- 
while the  leaves  develop  at  the  nodes.  Here  and  there  on 
the  stem  may  be  seen  buds.  Some  of  these,  leaf  buds, 
develop  into  branches;  others,  the  flower  buds,  may  later 


-Terminal  Bud 


jGrcwth  in 
' One  Year 


-■Ring  t\ ade  by 
Last  Year's  Ter- 
minal Bud 

-Lateral  Bud 


Leaf  6car 


Fig.  105.  Parts 
of  a shoot. 
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become  the  flowers  (Figure  106).  At  the  end  of  the  main  shoot 
and  of  each  branch  of  most  plants  is  a terminal  bud  which 
grows  by  cell  division  as  food  is  supplied.  (Not  all  plants  have 
terminal  buds.)  Thus  you  see  that  the  stem  and  branches 

elongate  by  increase  in  the  size 
and  number  of  cells,  and  that 
leaves  and  flowers  develop  from 
buds  on  the  stem  by  cell  divi- 
sion and  increase  in  size. 

In  plants  like  the  corn  and 
bean,  the  shoot,  as  you  know, 
is  produced  at  one  end  of  the 
embryo  when  the  growing  cells 
differentiate.  The  terminal  bud 
results  from  this  differentiation 
of  cells.  This  bud  consists  of 
a minute  stem  with  nodes,  with 
internodes,  and  with  young,  un- 
developed leaves  at  the  nodes, 
just  as  you  have  seen  in  the 
case  of  the  tree  shoot. 

The  leaf  system  of  the  young 
plants  carries  on  photosynthe- 
sis during  the  daytime  and  sup- 
plies the  food  for  building  new  protoplasm  at  the  growing 
points.  Meanwhile  the  plant  continues  to  respire,  which 
process  destroys  protoplasm  (see  page  90) . Thus  two  processes 
are  taking  place  at  the  same  time.  The  building  up  process 
is  called  anabolism;  the  tearing  down  process  is  known  as 
catabolism.  Together  these  two  processes  are  called  meta- 
bolism. Under  favorable  conditions  the  leaf  system  can 
manufacture  enough  food  in  the  daytime  to  build  more  new 
protoplasm  than  is  destroyed  by  respiration.  When  anabolism 
exceeds  catabolism,  growth  in  the  size  of  cells  and  the  forma- 
tion of  new  cells  usually  take  place. 

The  growth  in  length  of  stems  of  plants  like  trees,  which 


Fig.  106.  Section  view  of  buds  of 
a balsam  poplar  twig.  (W.  C. 
McCalla  photo.) 
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live  more  than  one  year,  is  no  different  from  that  of  the 
shoots  already  described  except  that  new  internodes  are 
added  each  year  as  the  terminal  buds  develop.  The  internodes 
of  the  previous  year  remain  the  same  in  length.  This  you 
may  know  by  observing 
that  branches  of  trees  are 
not  raised  higher  above  the 
ground  as  the  tree  grows. 

You  can  prove  this  by  driv- 
ing a nail  into  the  bark  of  a 
tree  and  observing  years 
later  that  the  nail  is  just  as 
far  above  ground  as  it  was 
originally.  The  increase  in 
length  of  the  stem,  then, 
takes  place  at  the  end. 

Suggested  Activity.  Ex- 
amine the  shoots  of  as  many 
kinds  of  trees  as  possible  and 
determine  the  average  rate  of 
growth  for  each  kind  of  tree. 

Arrange  your  results  in  a table. 

Compare  your  results  with 
those  that  were  obtained  by 
other  pupils. 

Suggested  Activity.  Examine  the  shoots  of  several  trees  of  the 
same  kind.  Determine  the  average  rate  of  growth  for  each  tree. 
Do  trees  of  a certain  kind  grow  at  about  the  same  rate,  or  do  they 
differ  in  their  rate  of  growth?  If  you  find  a certain  tree  whose  rate  of 
growth  is  markedly  different  from  that  of  the  other  trees,  try  to 
determine  the  cause  for  the  difference. 

Suggested  Activity.  Try  to  find  a tree  or  shrub  which  does 
not  have  a terminal  bud.  Compare  the  shape  of  this  plant  with 
another  plant  which  has  a terminal  bud. 


Fig.  107.  This  twig  of  a white  ash 
shows  plainly  the  terminal  and  lateral 
buds  and  the  leaf  scars.  Note  how 
the  twig  is  sending  out  new  branches 
at  the  two  nodes.  (G.D.  Fuller  photo.) 


Not  only  do  plants  increase  in  length ; they  increase  also  in 
diameter.  We  can  understand  how  this  type  of  growth  takes 
place  by  examining  the  structure  of  stems. 
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Experiment  31.  What  is  the  internal  structure  of  the  stem  of 
dicotyledons?  (a)  Examine  a cross-section  of  the  trunk  of  a 
young  tree,  such  as  ash,  oak,  poplar,  willow,  or  apple.  A cross- 
section  of  a limb  will  serve  equally  well.  Why?  Locate  the  bark, 
the  wood,  and  the  pith.  If  you  use  a green  branch,  peel  off  some  of 
the  bark  and  note  the  slimy  surface  of  the  cambium  cells  just  under 
the  bark.  The  cambium  is  the  growing  part  of  the  stem,  and  the 
cell5  slime  is  nothing  more 

than  protoplasm  from 
the  cambium  cells  which 
you  ruptured  by  tearing 
off  the  bark. 

(■&)  Study  Figure  108; 
then  examine  the  stem 
with  a magnifying  lens 
to  observe  the  annual 
rings,  composed  of  a lay- 
er of  loosely  arranged 
wood  and  a layer  of 
more  compact  wood. 

(c)  If  cross-sections 
of  stems  or  branches 
Hirnt-ulprlons  of  One 
two  years,  and 
three  years  are  availa- 
V4  ble,  examine  them  un- 

der the  microscope;  locate,  with  the  help  of  Figure  108,  the  cork 
cells,  cortex  cells,  phloem,  cambium,  xylem,  pith,  and,  in  the  two- 
and  three-year-old  sections,  the  annual  rings. 


layer 
rin£ 

ray 

xt'X  dic°tyled< 

y Hvtyd  ptn  /year, 

Cross-section  view  of  a dicoty- 
ledonous stem. 


The  growth  in  diameter  of  dicotyledonous  stems  takes 
place  in  the  cambium  layer.  This  is  the  growing  layer.  As 
division  of  these  cells  takes  place,  new  wood  cells  are  added 
to  the  xylem  inside  the  cambium,  and  new  phloem  cells  are 
added  to  the  bark.  The  food  necessary  for  this  growth  is 
brought  through  the  tubes  of  the  phloem  to  the  cambium 
cells  from  the  leaves,  where,  as  you  know,  it  is  manufactured. 

The  rate  of  growth  of  cambium  cells  depends  upon  the 
amount  of  food  brought  to  the  cells.  In  the  temperate  zone  the 
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growth  is  most  rapid  in  the  spring.  At  that  season  food  is 
abundant,  and  the  cambium  cells  divide  rapidly,  forming  loosely 
arranged  wood  cells.  In 
the  summer  the  food  sup- 
ply is  less,  and  the  wood 
formed  is  more  compact- 
ly arranged.  There  is  usu- 
ally little  or  no  growth  in 
fall  and  winter.  Thus 
the  year’s  growth  con- 
sists of  a layer  of  “spring 
wood”  of  large  cells  and 
a layer  of  “summer 
wood”  of  smaller  and 
more  compact  cells.  To- 
gether these  two  layers 
make  up  the  annual  ring. 

Figure  109  shows  a pho- 
tograph of  the  cross-sec- 
tion of  a tree  which  has 
over  one  hundred  rings. 

Let  us  now  see  how 
the  stem  of  a monocoty- 
ledonous  plant  increases 
in  diameter. 


Fig. 


109.  Annual  rings  of  an  elm  tree. 
(Field  Museum  photo.) 


Experiment  32.  What 
is  the  internal  structure 
of  a monocotyledonous 
stem?  Examine  a cross- 
section  of  a corn  stem  and 
note:  (1)  the  epidermal 
layer,  or  cortex,  (2)  the  fibrovascular  bundles  scattered  through 
the  stem,  as  shown  in  Figure  110,  and  surrounded  by  (3)  a pithy 
material  called  parenchyma. 

In  the  very  young  monocotyledonous  stem  the  internal 
structure  is  much  like  that  of  dicotyledons,  but  as  the  stem 
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grows  older,  the  fibrovascular  bundles  increase  in  number 
and  become  scattered  throughout  the  pith.  These  bundles, 
unlike  those  of  the  dicotyledons,  contain  no  cambium  layer. 

There  is,  therefore,  no 
seasonal  growth  in 
diameter  through  for- 
mation of  new  wood  or 
pith,  and  no  annual 
rings  appear.  The  in- 
crease in  diameter  of 
the  young  stem  is 
caused  by  increase  in 
the  number  of  fibro- 
vascular bundles  and 
by  increase  of  the  size 
of  the  cells  as  food  brought  by  the  sieve  tubes  in  the  bundle 
is  converted  by  the  cells  into  new  materials.  Old  stems 
usually  grow  only  by  increase  in  size  of  the  cells. 

'"The  beginnings  of  the  root  system  of  higher  plants  are, 
like  the  shoot  system,  present  in  the  embryo.  The  very 
tip  of  the  root  is  composed  of  a thimble-shaped  mass  of 
cells  called  the  root  cap  (Figure  111),  which  serves  to  pro- 
tect the  growing  part  just  above  it.  Some  of  the  new  cells 
that  develop  in  the  growing  part  become  root-cap  cells  and 
replace  cells  worn  away  as  the  root  is  pushed  through  the 
soil ; others  add  to  the  length  of  the  root  by  growing  in  length 
just  above  the  growing  point;  and  still  others  make  up  the 
new  growing  region  and  go  on  dividing.  The  taproot , or 
primary  root,  thus  increases  in  length.  Here  and  there 
branches  arise  from  the  primary  root,  forming  secondary 
roots  which  grow  in  the  same  way  as  the  primary  roots.  At 
certain  parts  of  the  root  the  root  hairs  arise  as  outgrowths  of 
epidermal  cells. 

There  is  one  further  idea  about  the  growth  of  the  roots  of 
plants  which  you  should  not  overlook.  The  primary  root 
system  which  has  been  described  is  the  permanent  root  system 
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of  such  plants  as  beans,  beets,  maple,  and  oak.  In  other 
plants,  such  as  corn  and  wheat,  the  primary  root  system  soon 
dies,  and  its  place  is  taken  by  adventitious  roots,  that  is,  roots 
which  grow  from  neither  the  hypo- 
cotyl  nor  from  other  roots.  These 
adventitious  roots  grow  out  at  the 
nodes  on  the  stems  above  the  pri- 
mary roots.  Sometimes  they  come 
from  the  stem  above  the  soil  and 
turn  downward  into  the  soil ; in  other 
cases  they  grow  from  the  stem  be- 
neath the  surface  of  the  soil  (Figure 
104).  This  is  the  permanent  or 
fibrous  root  system  of  such  plants  as 
grasses,  wheat,  barley,  corn,  and 
rye.  The  continued  growth  of  these 
roots  takes  place  at  their  growing 
points. 

Practically  all  of  the  seed  plants 
develop  into  mature  plants  in  some- 
what the  same  way  as  has  been  described.  Some  of  them, 
as  nasturtiums,  zinnias,  beans,  and  peas,  develop  flowers 
and  seeds  in  a single  season,  and  the  plants  then  die.  These 
are  called  annuals.  Others  require  two  growing  seasons 
to  develop  from  seed  to  seed,  and  then  die.  These  are 
known  as  biennials  and  include  such  plants  as  sugar  beet, 
carrot,  cabbage,  and  parsnip.  Still  other  plants,  like  trees, 
shrubs,  and  dandelions,  go  on  living  year  after  year  and 
bear  flowers  and  seeds  each  year.  These  plants  are  known 
as  perennials. 

Suggested  Activity.  Obtain  full-grown  pea  plants,  wheat, 
corn,  and  potato,  and  also  a one-  or  two-year-old  maple,  beech, 
pine,  peach',  oak,  or  elm  tree.  Examine  the  exterior  of  the  stem 
and  root  system  of  one  of  these  plants  to  see  and  identify  the 
parts.  Explain  the  origin  and  development  of  each  part  of  one 
of  the  plants. 
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How  rapidly  and  to  what  size  do  plants  grow?  Let  us 

now  consider  how  rapidly  and  how  large  some  plants  grow. 
Many  plants  complete  their  growth  in  a single  season. 
The  amount  of  increase  in  length  of  stem  depends  upon  the 
conditions,  of  course.  An  ordinary  bean  plant  may  grow  five 
or  six  feet  high  in  a few  months.  The  tomato  plant  produces 
a branched  stem  several  feet  high  during  the  spring  and  sum- 
mer. Field  grains,  like  oats,  barley,  rye,  and  wheat,  grow 
about  four  or  five  feet  high  during  a good  growing  season. 
Sunflowers  and  corn  may  reach  a height  of  ten  feet  or  more. 
A twenty-foot  corn  plant  is  not  unknown.  Various  climb- 
ing vines  extend  their  shoots  twenty  feet  or  more.  Hop  vines 
have  been  known  to  grow  forty  feet  in  length  in  one  year. 

In  perennial  plants,  like  the  trees  and  shrubs,  the  rate  of 
growth  increases  as  the  leaf  and  root  systems  become  well 
established.  The  young  pine  tree,  for  example,  is  only  an 
inch  or  two  high  at  the  end  of  the  first  year  of  growth  from 
the  seed,  but  during  the  next  fifty  years  it  may  grow  to  be 
over  sixty  feet  high.  This  means  that  its  average  yearly 
growth  has  been  over  fourteen  inches.  During  the  second 
fifty  years,  however,  the  rate  of  growth  decreases  to  a yearly 
average  of  about  four  or  five  inches.  The  second  century  of 
its  growth  adds  only  about  100  inches  to  its  height.  The 
period  of  youth  for  the  tree  is  its  period  of  most  rapid  growth, 
just  as  it  is  for  you. 

The  rate  of  growth  in  the  diameter  of  plant  stems  is  de- 
pendent upon  the  kind  of  plant,  just  as  the  rate  of  growth  in 
length  of  stem  is.  Monocotyledons,  for  example,  corn,  cat- 
tails, and  lilies,  as  a rule  complete  their  growth  in  diameter 
of  the  stem  in  a single  year.  The  dicotyledons,  as  you  recall, 
grow  year  after  year  by  cell  division  in  the  cambium  layer 
and  add  annual  rings.  In  some  trees,  like  young  poplars 
and  young  basswoods,  the  rings  may  be  nearly  one-half  inch 
thick,  which  would  mean  an  increase  in  diameter  of  almost 
one  inch  in  a year.  The  rate  of  growth  in  diameter  becomes 
less  as  the  tree  grows  older. 
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While  the  stems  of  plants  grow,  the  roots  also  develop. 
The  length  of  the  taproot  is  often  much  greater  than  the 
height  of  the  stem.  Thus,  in  alfalfa  it  is  not  unusual  to 
find  taproots  from  ten  to  twelve  feet  in  length  and  side  roots 
even  longer.  In  regions 
where  water  is  scarce, 
roots  may  go  very  deep. 

In  dry  regions,  fibrous 
roots  of  wheat  may  ex- 
tend to  a depth  of  fifteen 
feet  or  more.  Even  the 
short  asparagus  plant 
grows  roots  eight  or  nine 
feet  long,  and  a stubby- 
stemmed plant  like  the 
sugar  beet  sends  its  tap- 
roots five  to  seven  feet 
into  the  soil. These  cases 
are,  of  course,  rather 
exceptional,  but  they 
show  the  possibilities  of 
growth.  Some  studies 
of  oat  plants  show  that 
the  total  length  of  the 
root  system  is  as  much  as  125  to  150  feet.  One  botanist 
states  that  he  found  roots  of  an  oak  tree  that  measured 
450  feet  over  all. 

There  is  no  definite  limit  to  the  growth  of  the  hardy  peren- 
nials like  trees  and  shrubs.  They  seem,  as  a rule,  to  grow  as 
long  as  they  live.  The  age  at  which  they  produce  flowers 
and  seeds  varies  with  the  kind  of  perennial.  Some  continue 
to  produce  flowers,  fruit,  and  seeds  every  year  throughout 
their  lives.  The  size  to  which  these  perennials  grow  is  natur- 
ally dependent  upon  the  kind  of  plant  and  the  conditions 
under  which  it  lives.  Common  fruit  trees,  for  example,  do  not 
grow  as  tall  or  as  large  in  diameter  as  the  trees  of  the  forest. 


Fig.  112.  This  giant  sequoia  is  227  feet 
high  and  26  feet  through.  The  roadway 
was  cut  nearly  60  years  ago.  (W.  C. 
Thompson  © photo.) 
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such  as  oaks,  basswoods,  sycamores,  pines,  or  the  giant 
cedars  and  Douglas  firs  of  British  Columbia. 

Forest  trees  represent  the  largest  and  oldest  plants.  A few 
facts  about  them  will  be  of  interest  to  you.  Table  4 shows 
the  approximate  height  and  diameter  of  some  of  the  largest 
trees.  The  ages  to  which  some  trees  grow  are  indeed  also 
interesting.  The  count  of  the  annual  rings  and  the  estimate 


TABLE  4.  Height  and  Diameter  of  Some  Large  Forest  Trees 


Kind  of  Tree 

Height 

Diameter 

Elm 

50-100  ft. 

6-11  ft. 

White  oak 

80-100  ft. 

3-4  ft. 

Burr  oak 

150  ft. 

6-7  ft. 

Valley  oak 

100-125  ft. 

7-10  ft. 

White  ash 

120  ft. 

5 ft. 

Eucalyptus 

480  ft. 

81  ft. 

Sequoia  (Big  Tree) 

200-330  ft. 

20-28  ft. 

of  age  from  rate  of  growth  give  approximate  figures  like  these: 
fruit  trees,  60  to  70  years;  elm,  300  years;  cypress,  800  years; 
oak,  1500  years;  cedar,  2000  years;  yew,  3000  years;  sequoia, 
4000  years.  These  figures  may  be  too  high  for  some  trees,  but 
one  scientist  found  by  accurately  counting  the  annual  rings 
of  eighty-three  sequoia  trees  that  seventy-nine  were  over 
2000  years  old,  and  four  were  over  3000  years  old.  Near 
Oaxaca,  Mexico,  is  a great  cypress  tree  that  is  estimated 
to  be  not  less  than  5000  years  old. 

Suggested  Activity.  Obtain  branches  about  one  or  two  inches 
in  diameter  of  as  many  different  kinds  of  trees  as  possible.  Measure 
the  diameter  of  the  branch  as  accurately  as  possible  (you  may  be  able 
to  borrow  a pair  of  calipers  from  the  physics  laboratory)  and  count 
the  number  of  rings.  Calculate  the  average  rate  of  growth  per  year 
of  each  tree.  Arrange  your  results  in  a table  and  compare  them  with 
those  obtained  by  others  in  the  class. 

Self-testing  exercise  4.  State  in  a series  of  sentences  the 
big  ideas  (from  five  to  ten)  which  you  have  learned  in  this  problem. 
These  ideas  should  be  expressed  in  terms  of  the  cell  nature  of 
growth,  and,  taken  together,  they  should  constitute  a good  answer 
to  Problem  2. 
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Problem  3:  How  Do  Higher  Animals  Grow 
From  Egg  to  Adult? 

Study  Suggestion.  The  growth  of  the  higher  animals  varies 
so  greatly  for  different  animals  that  it  is  possible  to  include  here 
only  a few  kinds  of  animals  which  represent  some  of  the  more 
common  types  of  growth  or  development. 

The  higher  animals  begin  their  lives  as  eggs.  In  some 
kinds  of  animals  the  egg  is  formed  inside  the  mother  animal, 
is  inclosed  in  a shell  or  membrane,  and,  when  fully  formed,  is 
discharged  from  the  mother’s 
body.  We  say  the  mother 
“lays  her  eggs,”  as  is  true  in 
the  case  of  insects,  frogs, 
toads,  turtles,  birds,  and  some 
fishes.  The  development  of 
the  egg  then  takes  place  out- 
side the  mother’s  body.  In 
the  case  of  other  animals,  FlG- u3-  F^^  in  the  growth 
like  the  rabbit,  opossum,  kan- 
garoo, mole,  bat,  dog,  bear,  wolf,  cat,  walrus,  squirrel,  beaver, 
monkey,  and  man,  the  egg  is  also  formed  inside  the  mother’s 
body.  Of  course,  it  is  not  inclosed  in  a hard  shell  like  that  of 
the  chicken,  or  a soft  shell  like  that  of  the  turtle.  It  develops 
in  the  mother’s  body  until  the  young  animal  is  nearly  or 
entirely  ready  to  take  its  own  food.  The  young  animal  is 
then  born.  The  egg-laying  animals  are  called  oviparous, 
which  means  “bringing  forth  eggs.”  The  members  of  the 
other  group  are  said  to  be  viviparous , which  means  “bringing 
forth  living  young.” 

There  are  many  striking  changes  in  the  development  of 
certain  animals  from  the  egg  to  the  adult  stage.  A frog,  for 
example,  passes  through  many  stages  from  the  egg  to  the  full- 
grown  frog.  Examine  Figure  113,  which  shows  several 
stages  in  the  development  of  a frog’s  egg.  Note  that  the  egg 
first  divides  into  two  parts,  then  into  four,  and  so  on,  and 


2~  celled  4-celled  8"celled 


16-celled  Beginning  of  tadpole  form 
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later  the  small  tadpole,  or  polliwog,  develops.  Still  later, 
the  tadpole  slowly  changes  into  the  frog. 

The  time  required  for  these  changes  varies  with  the  kind 
of  frog  and  the  kind  of  season.  The  eggs  are  usually  laid 
in  fresh  water  ponds  by  the  mother  frog  in  March  or  April. 

Hundreds  of  eggs  are  laid  at 


Egg  mass 

’ f 


Just  hatched 


one  time  surrounded  by  a 
grayish,  jelly-like  mass.  With- 


gem 


Legs  developing  Adult  frog 

Fig.  114.  Life  history  of  the  frog. 


TadToL  % *n  a ^ew  days  warm  weath- 
er) each  small  egg  segments, 
that  is,  divides  into  many  cells, 
and  the  mass  of  new  cells 
becomes  an  oblong  body 
shaped  like  a tadpole.  This 
tadpole  separates  itself  from 
the  jelly-like  mass  which  sur- 
rounds it  and  attaches  itself  to 
a twig,  weed,  or  other  solid  body.  At  the  time  of  hatching, 
gills  appear  on  the  outside  of  the  body.  Later,  gills  somewhat 
like  those  of  a fish  are  developed.  Then  the  tadpole  develops 
hind  legs,  and,  in  time,  front  legs  also  appear  from  beneath 
the  skin  where  they  have  developed. 

The  next  stage  is  the  slow  change  from  the  tadpole  to 
the  frog.  In  the  leopard  frog  this  change  is  usually  complete 
by  August.  In  the  case  of  the  bullfrog  and  the  green  frog 
the  tadpoles  grow  during  the  summer  and  then  spend  the 
winter  in  the  mud  at  the  bottom  of  the  pond  or  stream. 
The  following  spring  the  change  from  tadpole  to  frog  is 
completed.  The  gills  are  absorbed  and  lungs  are  developed. 
The  long  tail  is  absorbed,  and  the  legs,  especially  the  front 
legs,  now  increase  in  size. 

This  interesting  series  of  changes  is  called  metamorphosis, 
which  means  change  of  form.  Many  animals,  such  as  toads, 
newts,  tree  frogs,  and  insects,  undergo  metamorphosis  as 
they  develop  from  the  egg  to  the  adult.  The  insects  like 
the  bee,  house  fly,  mosquito,  butterfly,  moth,  beetle,  ant, 
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wasp,  and  flea  pass  through  definite  stages  in  their  metamor- 
phosis from  egg  to  adult.  These  stages  are  known  as  (1) 
egg,  (2)  larva,  (3)  pupa,  and  (4)  adult  or  imago.  Figure  115 
shows  the  appearance 
of  some  of  the  insects 
in  their  different  stages. 

When  the  pupa  changes 
into  an  adult,  the  in- 
sect is  full  grown.  Table 
5,  on  page  134,  gives 
the  length  of  time  re- 
quired for  these  stages 
in  some  of  the  common 
insects. 

Suggested  Activity.  If 
you  have  an  opportunity, 
go  into  the  woods  and  col- 
lect as  many  specimens  of 
cocoons  as  you  can  find. 

Bring  them  to  class  and 
see  if  any  of  them  will  de- 
velop into  adult  animals. 

Some  insects  do  not 
pass  through  all  of 
these  stages.  The  grass- 
hopper, for  example,  is 
said  to  have  incomplete 
metamorphosis ; that  is, 
the  egg  develops  into  an 

immature  grasshopper  without  passing  through  the  pupa 
stage  (Figure  116).  The  young  grasshopper  is  much  like  the 
adult,  except  that  it  has  no  wings.  Such  stage  is  usually 
called  the  nymph  stage.  The  eggs  of  the  grasshopper  re- 
main in  the  ground  throughout  the  winter  and  hatch  the 
next  spring.  The  nymph  eats  ravenously  for  several  days 
and  then  sheds  its  skin,  or  molts.  New  skin  is  developed. 


Larva.  Pupa  in  case  Adult 


Fig.  115.  Metamorphosis  of  the  (A) 
house  fly,  (B)  mosquito,  (C)  honeybee, 
and  (D)  clothes  moth. 
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and  the  nymph  again  molts.  After  the  fifth  molting  the  grass- 
hopper is  full  grown.  Another  striking  case  of  incomplete 
metamorphosis  is  found  in  the  cicada  family  of  insects.  One 
of  these,  the  seventeen-year  cicada 
(sometimes  incorrectly  called  the 
seventeen-year  locust),  lives  under- 
ground as  a nymph  for  seventeen 
years  feeding  on  root  juices,  molting 
several  times,  and  finally  changing 
into  an  adult. 

The  eggs  of  the  higher  animals 
are  really  small  cells.  The  “egg” 
which  you  have  often  seen,  such  as 
the  “chicken  egg”  or  “bird  egg,” 
includes  much  material  in  the  form 
of  the  yolk  and  the  white  of  the 
“egg.”  But  the  real  egg  cell  forms 
only  a very  small  disc  {germinal 
Fig.  116.  Stages  in  grass-  disc)  on  one  side  of  the  yolk.  Most 
hopper  growth.  Notice  the  of  the  so-called  egg  serves  as  food 
beginning  wings  in  the  late-  tQ  th  growing  cell,  just  as  the 

endosperm  of  the  corn  gram  fur- 
nishes food  for  the  small  embryo.  In  most  of  the  viviparous 
animals  the  egg  cells  are  very  minute.  In  man  the  egg  cell 


TABLE  5.  Approximate  Length  of  Time  for  the  Principal 
Stages  in  the  Development  of  Insects  from  Eggs 


Insect 

Egg  to 
Larva 

Larva  to 
Pupa 

Pupa  to 
Adult 

House  fly 

8-10  hr. 

5 days 

5 days 

Monarch  butterfly 

4-5  days 

1-2  wk. 

1 wk. 

Cabbage  butterfly 

5-8  days 

10-14  days 

7-14  days 

Mosquito 

1-2  days 

7-10  days 

2-3  days 

Gipsy  moth 

9-10  mo. 

1-2  mo. 

1 mo. 

Honeybee 

3 days 

5 days 

13  days 

Brown  wasp 

2 days 

8-10  mo. 

2 wk. 

Promethea  moth 

2 wk. 

6 wk. 

10  mo. 

Boll  weevil 

2-3  days 

12-15  days 

2 days 
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is  less  than  one  one-hundredth  of  an  inch  in  diameter.  So 
you  see  that  you  must  not  confuse  the  so-called  egg  with 
the  real  egg  cell. 

Experiment  33.  What  is  the  appearance  of  the  germinal  disc  in 
a chicken  egg?  Allow  an  egg  to  stand  for  a few  days  on  its  narrow 
end.  Then  without  moving  the  egg  break  away  the  shell  and  the 
inside  membrane  from  the  upper  end;  remove  the  white  of  the  egg 
until  you  can  see  the  germinal  disc  lying  on  top  of  the  yolk.  If 
you  do  this  day  after  day  with  eggs  that  have  been  placed  in  an 
incubator  and  kept  at  about  100°  Fahrenheit,  you  can  watch  the 
development  of  the  egg  cell  into  the  young  chick.  This  would  re- 
quire about  two  dozen  eggs,  because  the  period  required  for  the 
development,  called  the  period  of  incubation , is  about  twenty-one 
days  for  the  chicken. 

Figure  117  shows  some  of  the  stages  in  the  development 
of  a chick  from  the  small  germinal  disc.  The  separate  steps, 
are  too  intricate  and  too  many  to  describe  here,  but  we  shall 
mention  a few.  The  first  step  is  the  division  of  the  egg 
cell  into  smaller  cells  by  segmentation , or  cleavage.  The 
entire  egg  cell  divides  into  two  cells,  these  two  into  four, 
these  four  into  eight,  as  with  the  egg  of  the  frog.  Thus  the 
original  cell  is  divided  into  a large  number  of  smaller  cells, 
called  daughter  cells , each  of  which  contains  a nucleus  and 
cytoplasm. 

These  daughter  cells  do  not  separate  from  each  other  as 
in  the  case  of  division  of  one-celled  organisms.  They  form 
a hollow  ball,  called  the  blastula.  In  general,  the  blastula  is 
one  layer  of  cells  thick;  so  all  cells  are  in  contact  with  the 
surface.  The  amount  of  material  in  the  new  cells  is  practically 
the  same  as  that  of  the  original  cell.  The  daughter  cells 
must,  therefore,  be  very  small. 

The  next  step  in  development  is  called  gastrulation.  In 
this  step,  by  a process  of  folding  in,  the  cells  form  two  layers, 
called  germ  layers.  This  is  followed  by  the  formation  of 
another  germ  layer.  Each  of  these  layers  gives  rise  to  certain 
structures;  that  is,  differentiation  of  the  cells  begins.  The 
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Fig.  117.  Stages  in  the  incubation  of  the  chicken.  What  part  of  the 
egg  contains  the  egg  cell? 

outer  layer  develops  into  the  skin  and  the  nervous  system; 
the  middle  layer  develops  into  the  muscles,  cartilage,  ten- 
dons, bone,  blood,  and  blood  vessels;  the  inner  layer  develops 
into  the  linings  of  the  digestive  system,  the  liver,  pancreas, 
and  the  respiratory  system,  including  pharynx,  bronchial 
tubes,  and  lungs. 

The  steps  by  which  the  egg  cell,  or  embryo,  of  the  chicken 
egg  develops  into  a chick  are  quite  similar  to  the  changes 
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which  take  place  in  all  of  the  common  higher  animals  known 
as  vertebrates,  that  is,  animals  having  a backbone.  How 
egg  cells  produce  the  germ  layers,  how  the  cells  of  these 
three  layers  divide  and  differentiate,  how  the  various  cav- 
ities in  the  bodies  of  vertebrates  are  formed,  and  how  the 
different  tissues  and  organs  of  higher  animals  are  developed 
is  the  science  of  embryology.  Perhaps  you  may  some  day 
study  zoology,  the  science  of  animals,  and  also  the  special 
branch  of  zoology,  embryology  of  animals.  If  you  do,  you 
will  understand  more  fully  how  the  various  animals  develop 
from  eggs. 

The  periods  required  for  the  development  of  the  eggs  of 
different  animals  vary  greatly.  Table  6 shows  the  periods 
of  incubation  for  some  of  our  common  birds.  In  Table  7 
you  will  find  the  periods  required  for  the  development  of  the 
egg  cells  of  different  viviparous  animals.  The  period  nec- 
essary for  the  growth  of  the  egg  cell  into  the  new-born  ani- 
mal is  called  the  period  of  gestation. 


TABLE  6.  Periods  of  Incubation  of  Birds 


Kind  of  Bird 

Incubation 

Period 

Kind  of  Bird 

Incubation 

Period 

Duck. . . 

26-28  days 
29-31  days 
28  days 

28  days 

28  days 

Swan 

42  days 

21  days 
16-17  days 

14  days 

14  days 

Goose 

Chicken 

Turkey 

Guinea  fowl 

Pea-hen 

Pigeon 

Canary 

Robin 

TABLE  7.  Periods  of  Gestation  in  Viviparous  Animals 


Kind  of  Animal 


Rat 

Kangaroo 
Opossum. 
Cattle . . . 
Elephant. 
Whale..  . 
Dog 


Gestation 

Period 

Kind  of  Animal 

21-28  days 
35  days 
20-26  days 

9 mo. 

2 yr. 

About  1 yr. 
62  days 

Goat 

Hippopotamus 

Pig 

Black  snake 

Sheep  

Man 

Horse 

Gestation 

Period 


21-22  wk. 
1\  mo. 

16  wk. 

60  days 
21-22  wk. 
270-290  days 
11  mo. 
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Fig.  118.  X-ray  photographs  of  the  hand  of  a child  at  the  age  of 
six  years,  at  the  left,  and  of  the  same  hand  at  the  age  of  twelve,  at 
the  right.  Notice  how  some  of  the  cartilage,  particularly  in  the  wrist, 
has  been  replaced  by  bone. 


Man’s  development  is  no  exception  to  the  general  way  in 
which  higher  animals  grow  from  the  egg  cell  to  adulthood. 
Man  begins  life  as  a small  cell  in  his  mother’s  body.  Slowly 
this  cell  divides,  thus  increasing  the  number  of  cells.  The 
cells  form  the  germ  layers,  and  these  develop  into  the  various 
tissues  and  organs.  When  the  embryo  has  developed  for  a 
period  of  from  270-290  days,  it  is  born.  After  birth,  the 
infant  goes  on  growing.  He  grows  taller.  His  muscles  and 
bones  increase  in  size.  The  proportions  of  the  different 
parts  of  the  body  change.  His  finger-nails  and  toe-nails 
increase  in  size,  more  hair  appears  on  his  head,  and  teeth 
develop  in  his  mouth.  The  first  teeth  are  lost,  and  a new 
set  takes  their  place.  The  facial  features  change.  The 
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cartilage  in  different  parts  of  the  body  is  replaced  by  bone,  which 
is  added  to  the  skeleton  (Figure  118).  Gradually  the  child 
changes  into  a young  boy  or  girl,  then  into  a young  man  or  a 
young  woman,  and  later  into  an  aged  man  or  an  aged  woman. 

The  study  of  the  growth  of  many  animals  reveals  several 
interesting  facts.  The  lowest  organisms  grow  regularly  under 
favorable  external  conditions  and  require  only  a short  time  to 
reach  maturity.  The  paramecium,  for  example,  is  full  grown 
in  twenty-four  hours  or  less.  In  the  higher  animals  the  rate 
of  growth  varies  at  different  stages,  and  each  kind  of  animal 
begins  to  decline  in  vigor  and  growth  after  a certain  period. 
The  length  of  this  period  differs  for  each  kind  of  animal. 
Some  of  the  vertebrate  animals,  such  as  snakes,  alligators, 
and  fish,  continue  to  grow  in  size  as  long  as  they  live. 

The  highest  animals,  the  mammals  (those  that  suckle  their 
young),  seem  to  have  definite  growth  limits  and  usually  at- 
tain a maximum  size  long  before  old  age  overtakes  them.  It 
is  thought  by  scientists  that  the  waste  products  of  cell 
growth  and  the  weakening  of  the  parts  of  the  cell  are  the 
causes  of  decline,  or  senescence.  The  whole  matter  of  growth 
is,  of  course,  a question  of  anabolism  and  catabolism.  As 
long  as  anabolism  exceeds  catabolism  (see  page  122),  growth 
continues.  In  time,  however,  the  destructive  process  (cata- 
bolism), exceeds  the  constructive  process  (anabolism),  result- 
ing in  senescence  and  finally  death.  The  products  of  the 
destructive  process  begin  to  accumulate  as  soon  as  the  life  of 
an  organism  begins.  In  a sense,  then,  animals  begin  to  die 
as  soon  as  they  begin  to  live. 

Among  the  more  complex  animals  we  find  life  spans  of 
various  lengths.  Table  8,  on  the  next  page,  gives  the  results 
of  some  studies  on  the  ages  of  these  higher  animals.  Unusual 
ages  are  given  in  the  third  column.  The  question  marks  which 
appear  after  some  of  the  figures  indicate  that  the  life  span 
shown  by  the  figures  is  doubtful.  It  is  worthy  of  note  that 
many  of  the  unusual  figures  in  the  third  column  refer  to  wild 
animals  in  captivity. 
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TABLE  8.  Length  of  Life  in  Years  of  Some  Common  Animals 


Animal 

Usual  Ages 

Excep- 

tional 

Animal 

Usual  Ages 

Excep- 

tional 

Toad 

4-8 

36  (?) 

Pheasant. . . . 

.20 

10-12 

76  (?) 

Rabbit. 

5-7 

Crocodile. . . . 

175 

200  ' 

Guinea  pig..  . 

5-7 

Tortoise 

175 

200 

Cat 

8-9 

18 

Salmon 

100 

Lion 

12-15 

30 

Pike 

150 

267  (?) 

Tiger 

15 

30 

Crayfish. .... 

4-5 

Horse . 

25-30 

40 

Goose 

50 

100  (?) 

Sheep 

10-12 

Swan 

50 

Camel 

40 

Raven 

50 

180  (?) 

Pig 

20 

Canary 

20 

Bear 

40 

100  (?) 

Thrush 

8-9 

Elephant .... 

100-200 

400  (?) 

Pigeon 

20 

Whale 

300-400 

1000 

Self-testing  exercise  5.  Write  a composition  of  about  two 
pages  in  length  in  which  you  compare  the  growth  of  a seed  into 
an  adult  plant  with  the  growth  of  an  egg  into  an  adult  animal. 
So  far  as  possible  make  the  comparison  in  terms  of  the  cell  nature 
of  growth. 


Problem  4:  How  Is  the  Growth  of 
Living  Things  Regulated? 

Study  Suggestion.  In  this  problem  you  will  summarize  what 
you  have  already  learned  about  the  materials  and  conditions 
outside  living  things  upon  which  growth  depends.  In  addition, 
you  will  consider  certain  conditions  within  organisms  which 
regulate  growth. 

In  your  study  of  biology  up  to  this  time  you  have  found 
that  living  things  need  for  growth  certain  materials,  like 
food,  water,  carbon  dioxide,  and  oxygen,  and  certain  external 
conditions,  such  as  light  and  heat.  If  the  organism,  which 
begins  life  as  a tiny  cell,  is  not  provided  with  these  materials 
and  conditions  in  proper  amounts,  it  cannot  grow  into  a 
normal  healthy  adult.  In  addition  to  these  materials  and  con- 
ditions there  is  another  important  factor  in  growth,  namely, 
the  actions  of  certain  glands.  But  first  let  us  consider  the 
effect  that  food  has  upon  the  growth  of  the  living  thing. 
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How  does  food  affect  the  growth  of  living  things?  Per- 
haps the  most  important  single  factor  regulating  the  growth 
of  living  things  is  the  kind  and  quantity  of  food  taken  into 
the  body.  For  a great  many  years  man  has  been  experi- 
menting upon  animals,  and  as 
a result  of  this  experimenta- 
tion he  has  been  able  to  de- 
termine with  exactness  the 
rations  which  should  be  fed 
to  them.  In  general,  the 
method  employed  is  that  of 

(1)  selecting  animals  of  the 
same  size,  age,  and,  if  pos- 
sible, of  the  same  parentage; 

(2)  feeding  these  animals  up- 
on different  diets;  (3)  record- 
ing gains  in  weight,  length, 
changes  in  bone  structure, 
and  freedom  from  disease; 

(4)  comparing  the  records  of  the  animals  to  determine  the 
effects  of  the  different  diets;  and  then  (5)  drawing  conclusions 
as  to  the  most  efficient  diet  upon  the  basis  of  the  records 
obtained.  Similar  experiments  are  also  carried  on  with  plants 
by  varying  the  kinds  of  soils  and  the  kinds  of  minerals  in 
the  soil.  Let  us  now  consider  a few  of  these  experiments 
having  to  do  with  the  effects  of  certain  food  materials  on 
the  growth  of  living  things. 

The  graph  in  Figure  119  presents  an  interesting  example 
of  varying  the  kind  of  food.  Note  that  at  the  beginning  of 
the  experiment  Rat  A weighed  slightly  more  than  Rat  B. 
At  the  end  of  the  experiment,  however,  Rat  B weighed  more 
than  twice  as  much  as  Rat  A.  This  difference  in  weight  was 
produced  in  a period  of  twenty-four  days.  Figure  120  shows 
the  skeletons  of  these  two  rats.  Note  the  difference  in  the 

*The  data  for  this  graph  and  the  accompanying  discussion  are  from  an  unpublished 
study  by  Miss  Z.  Stevens,  University  of  Chicago,  and  are  used  through  her  courtesy. 


Fig.  119.  A graph  record  of  rat 
growth  as  affected  by  diet.* 
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entire  lengths  of  the  rats,  and  in  the  ribs,  vertebrae,  and  leg 
bones.  The  skeleton  of  Rat  A shows  clearly  that  it  did  not 
obtain  enough  calcium  for  the  proper  development  of  its 
bones.  Rat  B obtained  calcium  from  the  milk.  The  exper- 
iment shows  very  clearly  one  of  the  reasons  why  babies  are 
fed  on  milk.  Do  you  know  what  this  reason  is? 


Fig.  120.  Skeletons  of  rats  fed  on  the  diets  indicated  in  the  graph 
shown  in  Figure  119.  I shows  the  jaw  bones;  II,  III,  and  IV  are 
the  fore-leg  bones;  V,  VI,  and  VII  are  the  hind-leg  bones. 


Another  type  of  experiment  shows  the  effect  of  the  diet 
of  the  mother  upon  its  young  offspring.  Young  animals  of 
the  mammal  group  obtain  their  milk  from  their  mothers. 
Since  this  milk  must  be  manufactured  by  the  mother  from 
the  food  which  she  eats,  it  is  evident  that  the  composition 
of  the  milk  will  be  affected  by  what  the  mother  eats.  The 
effect  of  the  diet  of  the  mother  upon  the  growth  of  the  off- 
spring is  shown  in  Figure  121.  The  four  young  rats  at  the 
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top  were  nursed  by  mothers  fed  plenty  of  protein  foods. 
Those  at  the  bottom  were  nursed  by  mothers  whose  food 
was  low  in  protein  content.  Note  how  much  larger  the  upper 
four  rats  are.  Experiments  of 


this  type  have  resulted  in  the 
production  of  standard  diets  for 
mothers,  and  have  brought 
about  a great  improvement  in 
the  early  growth  of  young  mam- 
mals. 

In  his  experiments  with  ani- 
mals man  discovers  many  strange 
things.  For  example,  who  would 
suspect  that  young  trout  will 
grow  faster  if  a little  dried 
skimmed  milk  or  buttermilk  is 
included  in  their  diet!  For  years 
it  was  the  custom  to  feed  the 
trout  in  fish  hatcheries  upon  a 
diet  of  raw  liver.  Raw  liver  is 


very  low  in  its  calcium  content. 

If  it  were  used  as  the  main  diet 
of  a young  pig  or  dog,  for  ex- 
ample, the  result  would  be  an 
animal  with  poor  bone  development  and  a weak  constitution. 
A search  was  therefore  made  for  a food  for  young  fish  which 
would  contain  the  necessary  calcium.  Of  course,  fish  in  their 
natural  surroundings  do  not  use  milk  for  food,  but  trained 
students  of  diet  decided  to  try  milk  because  of  its  calcium 
content.  Experiments  showed  that  the  inclusion  of  a small 
per  cent  of  dried  milk  in  the  diet  resulted  in  a rate  of  growth 
one-fourth  faster  than  the  growth  obtained  by  feeding  raw 
liver  only  (Figure  122). 

The  experiments  just  reported  hav^  shown  the  importance 
of  food  in  regulating  the  growth  of  young  animals.  Similar 
experiments  have  also  been  carried  on  with  human  beings 


Fig.  121.  Effect  of  mother’s 
diet  on  growth  of  young  rats. 
(Cornell  University  Animal 
Nutrition  Laboratory.) 
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with  equally  satisfactory  results.  The  modern  physician 
makes  use  of  the  data  obtained  from  these  investigations  to 
prescribe  the  kind  and  amount  of  food  which  babies  and  grow- 
ing children  should  eat. 

Self-testing  exercise  6.  Prepare  an  outline  in  which  you  summa- 
rize the  ways  in  which 
living  things  depend  for 
growth  upon  various 
materials  and  condi- 
tions, thus: 

(A)  Materials 
( 1 ) Food 

(a)  Protein  food 
is  necessary 
to  build  pro- 
toplasm, 
(etc.) 

(B)  Conditions  ( Re- 
call from  previous 
units.) 

( 1 ) Light 
(etc.) 

How  is  growth  affected  by  the  endocrine  glands?  We  come 
now,  in  our  consideration  of  internal  materials  and  condi- 
tions affecting  growth,  to  a special  set  of  organs  which  have 
a great  influence  upon  growth  in  the  higher  animals.  These 
are  known  as  the  endocrine  glands,  or  ductless  glands,  or 
glands  of  internal  secretion. 

You  recall  from  Unit  II  that  certain  glands  in  the  human 
body,  such  as  the  sweat  glands  and  the  salivary  glands,  open 
by  means  of  ducts  on  the  skin  or  on  the  mucous  membrane 
of  the  digestive  tract.  These  glands,  as  you  know,  manu- 
facture certain  definite  substances  which  play  a major  part 
in  making  food  materials  usable  by  the  body.  In  recent  years 
biologists  have  discovered  another  set  of  glands  which  manu- 
facture certain  materials  which  are  poured  directly  into  the 


Fig.  122.  These  trout  were  hatched  from 
the  same  batch  of  eggs.  Food  alone  accounts 
for  the  great  differences  that  you  observe 
in  their  sizes. 
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blood  stream,  or  into  the  lymph.  These  internal  secretions 
contain  substances  known  as  hormones , which  are  chemicals 
needed  to  regulate  the  action  of  the  various  parts  of  the 
human  body. 

The  thyroid  gland,  which  is  located  in  the  neck,  is  one  of 
the  endocrine  glands  which  has  been  studied  most  by  scien- 
tists. It  has  three  lobes,  one  on  either  side  of  the  trachea 
and  larynx  and  one  just  in  front  of  the  trachea.  Although 
under  normal  conditions  it  weighs  only  about  an  ounce,  the 
hormone  which  it  secretes,  called  thyroxin,  has  a very  great 
effect  on  growth. 

If  the  gland  is  absent  or  does  not  develop  properly,  and 
if,  therefore,  thyroxin  is  not  secreted  into  the  blood  and 
carried  to  all  parts  of  the  body,  the  growing  child  has  a body 
temperature  below  normal,  becomes  physically  inactive  and 
mentally  sluggish,  and  develops  much  fatty  tissue  over  the 
entire  body.  This  condition  is  called  cretinism.  Infants 
afflicted  in  this  manner  have  large  heads,  the  spaces  be- 
tween the  cranial  bones  do  not  close  normally,  their  teeth 
are  slow  in  coming  and  readily  decay,  their  bones  are 
deformed,  and  their  bodies  are  undersized.  Fortunately,  the 
condition,  if  detected  early  enough,  can  be  remedied  by 
feeding  the  child  thyroid  extract  obtained  from  the  thyroid 
glands  of  healthy  animals.  In  some  cases  such  feeding 
causes  the  undeveloped  thyroid  gland  to  grow  to  a normal 
size.  If  the  gland  is  diseased,  it  may  be  necessary  to  give 
the  extract  continuously. 

The  effects  of  the  hormone  secreted  by  the  thyroid  gland 
are  clearly  shown  in  the  cases  of  persons  whose  thyroid 
gland  secretes  an  excess  of  thyroxin.  In  such  persons  one 
finds  exactly  the  opposite  effects  to  those  which  appear 
when  the  gland  is  lacking  or  not  functioning  properly.  Per- 
sons afflicted  in  this  way  have  body  temperatures  higher 
than  normal,  are  mentally  and  physically  alert,  and,  even 
though  they  eat  much  food  and  digest  it  readily,  are  usually 
lean  and  hungry. 
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A second  gland  which  regulates  growth  is  the  pituitary 
gland,  which  is  located  at  the  base  of  the  brain.  This  gland, 
although  very  small,  secretes  at  least  two  hormones.  The 
secretions  of  the  front  lobe  of  the  gland  have  a marked 
effect  on  growth.  If  this  lobe  is  enlarged  in  children,  their 

period  of  growth  is  length- 
ened, and  they  may  grow 
into  giants  (Figure  123). 
If  the  anterior  lobe  of  the 
gland  fails  to  function,  the 
physical  growth  of  the 
child  or  young  person  is 
retarded.  In  such  cases 
he  is  a dwarf.  Fortunately, 
scientists  have  been  able 
to  obtain  extracts  of  the 
pituitary  glands  of  animals, 
which,  upon  being  fed  to 
children  in  carefully  deter- 
mined amounts,  lead  to 
normal  development. 

There  are  other  endo- 
crine glands  which  have 
effects  upon  the  growth, 
health,  and  general  devel- 
opment of  human  beings, 
such  as  the  adrenal  and 
parathyroid  glands.  The  glands  discussed  above  and  their 
marked  effects  upon  growth  will  give  you  some  idea  of  the 
great  importance  of  the  endocrine  glands.  Perhaps  you  will 
want  to  know  more  about  these  glands  and  their  hormones. 
If  you  do,  consult  books  of  the  type  of  the  Encyclopaedia 
Britannica. 

What  conditions  hinder  growth?  And  now  let  us  turn  from 
a consideration  of  the  requirements  for  normal  growth  to  a 
study  of  the  conditions  which  hinder  growth.  Naturally, 
the  absence  of  any  of  the  requirements  will  slow  down  the 


Fig.  123.  This  giant  is  over  eight  feet 
tall,  yet  he  and  some  of  the  “midgets” 
are  of  the  same  age. 
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rate  of  growth,  but  there  are  also  other  materials  and  condi- 
tions which  affect  development.  Foremost  among  these 
materials  is  a group  of  substances  called  drugs.  Drugs  may 
be  divided  into  two  classes,  the  narcotics  and  the  stimulants. 
Narcotics,  which  include  heroin,  morphine,  opium,  and 
codein,  act  upon  the  nervous  system  and  slow  down  its 
operation.  They  “deaden”  the  nerves.  Stimulants,  such  as 
tobacco,  tea,  coffee,  and  alcohol,  on  the  other  hand,  contain 
materials  which  act  like  a whip  upon  the  nervous  system  and 
stimulate  it  to  greater  activity.  Both  narcotics  and  stimu- 
lants thus  have  a bad  effect  upon  the  nervous  system.  In 
addition  to  the  effect  upon  the  nervous  system,  drugs  also 
interfere  with  the  activities  of  the  other  systems  of  the  body. 
Digestion  is  impaired,  the  circulation  of  the  blood  is  interfered 
with,  and  normal  respiration  is  affected.  It  is,  therefore, 
upon  the  body  mechanism  as  a whole  that  drugs  have  a 
harmful  effect. 

It  is  difficult  for  an  individual  to  pick  one  particular  effect 
of  using  the  drug,  and  hence  he  does  not  believe  he  is  affected 
by  it.  This  is  the  main  reason  a person  may  use  a drug  so 
frequently  that  it  becomes  a habit.  He  is  not  aware  of 
the  effect  of  the  drug  or  of  the  fact  that  he  is  getting  to  a 
point  where  he  is  a slave  to  the  drug.  You  probably  know 
people  who  use  a moderate  amount  of  alcohol,  drink  tea  and 
coffee,  and  use  tobacco.  Apparently  they  are  entirely  healthy 
and  are  not  affected  by  the  use  of  these  materials.  Your 
judgment,  however,  is  valueless.  The  effects  of  drugs  are 
not  visible  to  your  casual  inspection.  The  effects  can  only 
be  determined  by  competent  medical  examiners  through  the 
use  of  scientific  apparatus.  The  blood  pressure  must  be 
measured,  the  rate  and  regularity  of  the  heart  beat  must  be 
examined,  and  the  lungs  and  other  organs  of  the  body  must 
be  photographed  with  the  X-ray.  These  are  but  a few  of  the 
many  tests  which  must  be  made  to  detect  the  effect  of  drugs. 
It  is  these  internal  changes  which  are  important  in  the  correct 
functioning  of  all  parts  of  the  body.  Drugs  of  any  kind  are 
detrimental  to  all  animals.  They  are  particularly  harmful 
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to  organisms  during  the  process  of  growth.  Since  they  inter- 
fere with  the  various  functions  of  the  body,  normal  growth 
cannot  take  place. 

The  normal  growth  of  living  things  is  also  dependent  upon 
the  health  of  the  various  parts  of  the  organism.  The  body  of 
an  organism  is  a delicately  adjusted 
mechanism,  the  efficient  working  of 
which  depends  upon  the  coordination 
of  all  parts.  In  many  respects  it  is 
like  other  machines;  if  one  part  does 
not  function,  the  machine  as  a whole 
will  not  function.  You  know  that  if 
the  carburetor  on  a gasoline  engine 
is  not  correctly  adjusted,  or  if  the 
valves  stick,  or  if  the  “spark”  in  the 
cylinder  does  not  come  at  exactly 
the  right  time,  the  engine  will  not 
deliver  its  maximum  power.  Neither 
will  the  human  body  develop  its 
maximum  efficiency  unless  each  part 
of  the  body  is  in  a healthy  condi- 
tion. The  digestive,  circulatory, 
Fig.  124.  ^Blueberry  plant  sfceletal,  respiratory,  excretory,  nerv- 
ous, and  muscular  systems  must  all 
be  in  good  working  order.  These  various  systems  must  not 
be  overtaxed  or  injured,  for  if  any  one  is  harmed,  the  others 
will  also  be  affected.  Proper  exercise  and  sufficient  rest  are 
necessary  to  keep  these  different  systems  at  their  maximum 
efficiency.  Like  the  working  parts  of  an  engine,  they  all 
demand  their  share  of  attention. 

It  has  been  pointed  out  that  the  body  of  an  organism  is 
a delicate  mechanism  in  which  all  parts  must  be  in  good 
working  order  if  growth  is  to  be  normal.  In  the  higher 
plant  this  means  that  the  roots,  stem,  branches,  and  leaves 
must  all  be  able  to  carry  on  their  various  processes.  If  any 
of  these  parts  is  injured,  growth  is  hindered.  Thus,  if  the 
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root  system  is  injured  by  cultivating  the  land  too  near  the 
plant  or  by  careless  transplanting,  the  plant  cannot  obtain 
the  necessary  water  and  minerals.  Again,  if  the  branches 
and  leaves  are  harmed  by  wind  or  hail  storms  or  by  prun- 
ing the  plant  too  much,  the  growth  is  hindered  through 
lack  of  manufactured  foods.  Similarly,  if  the  stem  is  injured 
through  the  removal  of  much  bark  by  gnawing  animals  or 
by  mechanical  means,  or  through  the  destruction  of  the 
stem  by  insects,  fungi,  or  other  living  things,  the  food 
transportation  system  of  the  tree  cannot  function  properly, 
and  the  plant  cannot  grow  normally. 

Furthermore,  as  you  can  readily  understand,  plants,  like 
animals,  must  have  those  materials  necessary  for  growth. 
Notice  the  two  blueberry  plants  in  Figure  124.  One  of  them 
is  so  small  that  you  can  hardly  see  it  in  the  picture.  The 
difference  in  size  of  the  two  plants  was  caused  by  differences 
in  materials  in  the  soil.  In  later  units  you  will  learn  in  detail 
what  these  materials  needed  for  growth  are. 

Normal  growth,  then,  is  regulated  by  the  proper  function- 
ing of  all  parts  of  the  organism  and  by  the  presence  of  cer- 
tain essential  materials  and  conditions. 

Self-testing  exercise  7.  Make  a series  of  statements  which 
tell  what  you  can  do  to  regulate  the  growth  of  living  things,  in- 
cluding yourself,  by  controlling  the  external  conditions  and  ma- 
terials which  affect  growth,  thus: 

1.  I can  water  the  house  plants  regularly,  giving  them  the  proper 
amount  of  water  each  time. 

Additional  Exercises 

1.  Collect  as  many  seeds  as  you  can  obtain,  and  make  a dis- 
play of  them  properly  labeled.  It  will  be  interesting  for  you  to 
make  a sketch  of  the  adult  plant  for  each  seed. 

2.  Make  a chart  in  which  you  show  by  drawings  the  differ- 
ences between  the  very  young  and  the  old  stages  of  common 
animals.  This  will  make  a good  exhibit  for  your  class  while  study- 
ing this  unit. 
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3.  Collect  information  from  the  proprietor  of  a seed  store, 
a gardener,  and  others  concerning  the  length  of  time  it  takes 
for  different  flower  and  garden  seeds  to  germinate.  Arrange 
your  facts  in  a table  properly  labeled. 

4.  Visit  the  keepers  of  animals  and  those  who  are  interested 
in  plant  growth  and  learn  what  they  consider  important  to  know 
about  the  growth  of  living  things.  Prepare  a report. 

5.  Write  to  your  city  or  provincial  health  department  for  a 
Height-Weight-Age  table.  Then  obtain  from  the  school  office 
your  record  of  height  and  weight  for  as  many  years  as  you  can. 
Compare  your  height  and  weight  at  different  ages  with  the  aver- 
ages for  boys  and  girls. 

6.  Plant  seeds  or  bulbs  of  different  kinds  of  plants  not  studied 
in  Unit  III  and  watch  the  stages  of  development  of  each  plant. 
Make  drawings  to  show  the  various  important  changes  in  structure. 

7.  Keep  a time  record  of  the  important  changes  which  take 
place  as  some  “baby”  animal  grows  into  an  adult  animal. 

8.  With  the  help  of  your  teacher  plan  experiments  to  test 
different  seeds  for  starch,  protein,  and  fat. 

9.  Obtain  from  a garden  or  weed  patch  a plant  which  you 
have  removed  from  the  soil  very  carefully  without  breaking  off 
any  roots.  Measure  approximately  the  total  length  of  the  root 
system  of  the  plant  and  compare  it  with  the  total  length  of  the 
stem  and  branches. 

10.  Weigh  a pup  or  a kitten  from  day  to  day  for  a month. 
Prepare  a graph  to  show  the  results  of  your  experiment. 

11.  Obtain  shoots  from  the  following  trees:  maple,  ash,  poplar, 
basswood,  and  elm.  Compare  the  shape  of  the  shoots  and  the 
branching  habits  of  the  trees.  This  can  best  be  done  by  making 
a drawing  of  each  shoot  and  of  the  general  shape  of  the  tree. 
What  effect  does  the  position  of  the  buds  on  the  branch  have 
upon  the  shape  of  the  shoot  and  the  branching  habit  of  the  tree? 
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HOW  DO  LIVING  THINGS  MAINTAIN 
THEIR  KIND? 

Preliminary  Exercises 

1.  Name  two  plants  that  reproduce  by  cleavage. 

2.  Name  five  plants  that  come  from  eggs. 

3.  Name  ten  animals  that  come  from  eggs. 

4.  What  is  the  chief  function  of  a blossom? 


6.  Copy  the  letters  (a)  to  (/)  in  a column.  Opposite  each 
letter  write  the  names  of  plants  or  animals  that  could  be  used 
to  complete  the  statement  so  lettered. 


(a)  

...  and  

have  many  young. 

(b)  - 

....  and  ..... 

usually  bear  only  one  young  at  a time. 

(c)  

...  and  

bear  many  asexual  spores. 

(d)  

the  wind. 

...  and  

bear  many  seeds  that  are  scattered  by 

(«)  

...  and  

give  no  care  to  their  young. 

(/)  

....  and  

give  much  care  to  their  young. 

6.  In  what  ways  do  plants  aid  their  young? 

7.  In  what  two  ways  are  a bird’s  egg  and  a grain  of  corn 
similar? 

8.  In  what  two  ways  is  it  an  advantage  to  a plant  or  animal 
to  have  two  parents? 

9.  Copy  from  the  list  below  the  best  definition  of  a seed. 

(a)  An  undeveloped  plant. 

( b ) A fertilized  egg. 

(c)  A protected  embryo  plant  provided  with  food. 

10.  From  the  three  possible  answers  given  below,  copy  the 
correct  answer  to  the  question:  What  are  the  advantages  of  cross- 
pollination? 

(a)  More  seeds  are  produced. 

( b ) Larger  seeds  are  produced. 

(e)  The  seeds  produce  better  plants. 

11.  In  what  five  ways  does  a young  corn  plant  differ  from  an 
old  corn  plant? 
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12.  State  three  ways  in  which  animals  supply  food  for  their  young. 

13.  Tell  of  three  ways  in  which  animals  protect  their  young. 

14.  In  what  two  ways  is  growth  related  to  reproduction? 

15.  Why  is  the  reproduction  of  plants  and  animals  necessary? 

The  Story  of  Unit  IV 

If  one  examines  many  of  the  ideas  which  people  had  only 
a hundred  years  or  so  ago,  it  is  difficult  to  understand  how 
they  could  have  believed  as  they 
did.  We  must  recognize,  however, 
that  many  of  the  complex  devices, 
such  as  the  microscope  and  delicate 
instruments  for  weighing  and  meas- 
uring, are  the  products  of  com- 
paratively recent  times.  Until  the 
invention  and  perfection  of  these 
devices  was  accomplished,  progress 
in  science  was  exceedingly  slow 
and  difficult.  Facts  that  are  com- 
mon knowledge  to  you  were  sealed 
mysteries  until  man  brought  to  his 
aid  the  powerful  eye  of  the  microscope. 

One  of  the  problems  which  has  fascinated  scientists  of 
all  ages  is,  "How  does  life  originate?”  As  a matter  of  fact, 
we  cannot  answer  this  problem  today,  but  we  do  know  very 
much  more  about  how  new  individuals  come  into  this  world 
than  did  the  scientists  of  a hundred  years  ago.  Up  until  the 
middle  of  the  nineteenth  century  some  biologists  believed 
that  life  could  arise  spontaneously,  that  is,  from  non-living 
materials  without  the  intervention  of  other  living  things. 
The  ancient  Greeks,  for  example,  believed  that  certain  ani- 
mals, such  as  frogs  and  salamanders,  were  developed  from 
mud  at  the  bottom  of  bodies  of  water.  Aristotle,  a great 
Greek  thinker,  decided  that  plant  lice  developed  from  the 
dew  on  plants.  Another  belief  in  "spontaneous  generation” 
was  based  on  the  fact  that  maggots  (larva,  Figure  115) 
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appeared  on  decaying  meat  and  developed  into  blowflies. 
The  early  biologists  believed  that  these  blowfly  maggots 
simply  grew  from  the  decayed  meat.  It  was  not  until  the 
latter  part  of  the  seventeenth  century  that  an  Italian  scien- 
tist, Francesco  Redi,  overthrew  the  belief  that  these  flies 
arise  spontaneously. 

Redi  observed  how  flies  behaved  on  the  meat,  and  finally 
decided  that  there  might  be  some  relation  between  the  flies 
and  the  maggots  which  appeared.  So  he  covered  the  meat, 
preventing  the  flies  from  coming  in  contact  with  it.  It 


Fig.  126.  It  hardly  seems  possible  that  this  young  alligator  could  have 
been  curled  up  inside  the  shell  of  the  egg.  (Herbert  photo.) 


decayed  as  usual,  but  no  maggots  appeared.  He  then  cov- 
ered the  meat  with  a fine  gauze  so  that  flies  could  catch  the 
odor  of  the  meat.  This  attracted  the  flies,  but  they  were 
prevented  by  the  gauze  from  actually  touching  the  meat. 
In  this  experiment  maggots  developed,  but  they  appeared 
on  the  gauze  instead  of  upon  the  meat.  Of  course,  what 
happens  is  that  flies  frequently  deposit  their  eggs  on  meat; 
these  hatch  and  change  to  maggots,  developing  later  into 
adult  flies.  Up  until  the  time  of  Redi  no  one  had  discovered 
what  really  took  place;  so  people  thought  that  the  maggots 
simply  grew  from  the  meat. 

Even  after  these  experiments  were  performed,  the  idea 
of  spontaneous  generation  still  held  on.  The  invention  of 
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the  microscope  in  the  seventeenth  century  had  made  possi- 
ble the  discovery  of  tiny  plants,  bacteria,  and  equally  tiny 
animals.  While  scientists  were  entirely  willing  to  admit 
that  flies  did  not  arise  by  spontaneous  generation,  these 
exceedingly  small  living  things 
apparently  just  appeared  from 
nowhere  in  liquids.  Many  biolo- 
gists believed  that  the  more  com- 
plex organisms  then  developed 
from  them.  It  remained  for  Louis 
Pasteur,  the  distinguished  French 
scientist,  to  prove  clearly  that 
these  microscopic  plants  and  ani- 
mals did  not  arise  spontaneously. 

Since  bacteria  ordinarily  thrive 
and  multiply  rapidly  in  materials 
such  as  soups,  men  of  Pasteur’s 
time  believed  that  soups  and  like 
materials  were  the  natural  envi- 
ronments in  which  such  organisms 
originated.  So  Pasteur  heated 
soup  to  a high  temperature,  killing 
any  organisms  which  might  be 
present.  Then  the  soup  was  sealed 
in  a tube  so  that  neither  air  nor  bacteria  could  enter.  He 
also  heated  soup  in  a tube  and  then  plugged  it  with  cotton. 
The  cotton  prevented  the  entrance  of  bacteria,  but  did  not 
shut  out  the  air.  Under  these  conditions  bacteria  did  not 
appear  in  the  soup.  Thus  Pasteur  proved  that  they  do 
not  develop  spontaneously,  but  that  they  develop  only  if 
living  organisms  are  present  in  the  soup. 

Many  other  experiments  have  been  carried  on  since  these 
experiments  of  Pasteur,  and  we  now  know  definitely  that 
the  living  things  which  come  into  existence  today  come 
from  other  living  things  of  the  same  kind.  From  life  comes 
all  life. 
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Our  problem  in  this  unit  is  not  to  speculate  how  life  first 
began,  but  to  learn  how  the  organisms  living  today  get  their 
start  in  life— how  they  reproduce  themselves.  In  Unit  III 
we  learned  that  all  living  things  begin  as  a single  cell,  and 
that  the  later  growth  and 
division  of  this  original  cell 
result  in  the  development 
of  the  adult  organism.  In 
this  unit  we  are  concerned 
with  the  origin  of  this  cell 
which  develops  into  a new 
living  thing.  We  shall  see 
what  it  is  that  makes  the 
cell  begin  its  development. 

As  you  study  this  unit,  you 
will  find  also  that  there 
are  several  modes  of  re- 
production, but  that  they 
all  have  as  their  purpose 
the  production  of  a new 
organism. 

No  fairy  tale  can  be 
more  fascinating  than  the 
true  story  of  how  all  crea- 
tures on  the  earth  begin  as  a single  microscopic  cell.  A great 
scientist  once  estimated  that  all  of  the  plants  and  animals  now 
living  on  the  earth  could  have  been  contained  in  a teapot 
when  they  started  their  lives.  A thimbleful  of  trees  in  the 
one-celled  stage  would  be  quite  enough  to  reforest  all  of  the 
land  in  our  country  from  which  the  trees  have  been  removed. 

Reproduction,  as  you  can  see,  is  necessary  for  the  con- 
tinuation of  a species  or  race.  Living  things  ultimately  be- 
come old  and  die,  and  if  the  race  is  to  continue,  their  places 
must  be  taken  by  new  individuals.  If  the  rate  of  reproduc- 
tion is  greater  than  the  death  rate,  then  the  numbers  of  a 
given  species  increase.  If  the  reverse  is  true,  the  species 


Fig.  128.  Do  you  know  the  names  of 
the  different  parts  of  this  lily  flower, 
and  can  you  tell  how  the  flower  aids 
in  reproduction?  You  will  learn  in 
this  unit.  (Geo.  T.  Hillman  photo.) 
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finally  disappears.  We  shall,  therefore,  in  this  unit  also 
discover  some  of  the  ways  in  which  nature  has  provided  for 
the  care  of  young  organisms,  because  through  parental  care 

the  death  rate  is  de- 
creased. This  unit 
thus  deals  with  the 
modes  of  reproduction 
and  with  the  provision 
of  conditions  for  a fa- 
vorable start  in  life. 

This  unit  will  help 
you  to  understand  one 
of  the  most  wonderful 
chapters  in  the  great 
cycle  of  life — how  liv- 
ing things  maintain 
their  kind.  And  since 
reproduction  is  a bio- 
logical necessity  if  life 
is  to  continue  on  our 
earth,  an  understanding  of  the  problems  of  this  unit  is  essen- 
tial to  an  understanding  and  appreciation  of  life  itself. 

Problem  1 : What  Is  the  Nature  of  Reproduction? 

Study  Suggestion.  Before  beginning  the  study  of  this  prob- 
lem, recall  what  you  have  learned  of  how  growth  takes  place. 
If  necessary,  review  Problem  I of  Unit  III. 

You  already  know  something  about  the  process  of  repro- 
duction. In  Unit  III  you  learned  that  one-celled  plants 
and  animals  divide,  forming  two  cells,  each  of  which  grows 
into  a new  organism.  Since  this  division  results  in  an  in- 
crease in  the  number  of  organisms,  reproduction  has  taken 
place.  Reproduction  is  essentially  a kind  of  growth — a 
growth  in  which  one  part  of  the  organism  is  detached  from 
the  parent  and  grows  into  a new  organism. 


Fig.  129.  This  mother  pelican  is  feeding 
her  young  by  bringing  up  into  her  throat 
food  which  she  has  partly  digested.  The 
pelican  lays  only  two  eggs  in  a season. 

(American  Museum  photo.) 
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Reproduction  in  simple  animals,  such  as  the  amoeba,  and 
in  simple  plants,  such  as  the  bacteria  and  Pleurococcus  (page 
110),  takes  place  by  division,  or  binary  fission,  as  it  is  called. 
This  division  of  one  organism 
results  in  two  separate,  indi- 
vidual organisms,  complete  in 
all  their  parts.  In  an  animal 
such  as  the  paramecium  many 
changes  must  take  place  in  the 
cell  before  division  occurs,  be- 
cause the  cell  contains  several 
distinct  parts.  If  you  will  com- 
pare the  upper  and  lower  half 
of  the  paramecium  just  before 
division  (Figure  130),  you  will  observe  that  all  of  the  essen- 
tial parts  of  the  animal  are  present  in  both  parts.  The  mode 
of  reproduction  in  the  paramecium 
is  exactly  the  same  as  in  the  amoeba 
or  bacteria,  but  the  process  is 
slightly  more  complex  because  of 
its  more  complex  structure.  The 
two  daughter  paramecia  are  not 
exactly  alike,  because  they  have 
been  formed  from  different  regions 
of  the  animal’s  body.  This  differ- 
ence soon  disappears,  and  they  both 
become  like  the  parent. 

Strangely  enough,  reproduction 
by  binary  fission  takes  place  in 
some  of  the  many-celled  animals. 
It  does  not  seem  possible  that  an 
animal  as  complex  as  the  flatworm 
(Figure  132)  could  reproduce  by 
fission.  Yet  such  is  the  case.  This 
animal  divides  transversely.  The  front  {anterior)  portion 
of  the  animal  regenerates;  that  is,  it  produces  a new  rear 


Fig.  131.  Binary  fission  in 
the  amoeba. 


Fig.  130.  Binary  fission  in  the 
paramecium. 
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( posterior ) portion.  This  is  accomplished  by  the  division 
and  growth  of  the  cells.  The  posterior  portion  of  the  animal 
regenerates  a new  head,  including  eyes  and  brain,  and  the 
whole  portion  finally  becomes  reorganized  into  a new 
individual.  Reproduction  by  fission  is  confined  to 
the  simplest  plants  and  animals.  Earthworms,  star- 
fish, crayfish,  fish,  reptiles,  birds,  and  mammals  do 
not  reproduce  in  this  fashion.  Neither  do  the  mosses, 
ferns,  and  seed  plants. 

Somewhat  similar  to  the  process  of  binary  fission 
is  the  mode  of  reproduction  known  as  budding.  You 
will  remember  the  process  of  budding  as  shown  by 
the  yeast  plant  (page  110).  The  essential  difference 
between  reproduction  by  binary  fission  and  by  bud- 
ding is  the  size  of  the  parent  and  of  the  offspring. 
Figure  133  shows  the  formation  of  a bud  upon  the 
hydra.  Note  that  the  bud  is  much  smaller  than 
the  parent.  This  method  of  reproduction  is  very 
common  among  the  sea  anem- 
ones, jellyfish,  and  many  other 
invertebrate  animals,  that  is,  those  with- 
out backbones.  It  permits  the  parent  to 
carry  on  its  normal  activities  while  the 
bud  is  developing  to  a point  when  it  can 
take  care  of  itself.  When  this  time  is 
reached,  the  bud  separates  from  its 
parent  and  begins  an  independent  ex- 
istence. 

Still  another  method  of  reproduction 
is  exhibited  by  the  common  bread  mold 
(Figure  134). 

Experiment  34.  How  does  bread  mold 
reproduce?  (a)  Moisten  a piece  of  bread 
and  place  it  in  a saucer.  Cover  the  saucer  and  place  it  in  a dark, 
warm  place.  Examine  the  bread  from  day  to  day,  adding  water 
when  necessary  to  keep  it  moist. 


Fig.  133.  Notice  the 
two  buds  near  the  base 
of  the  hydra.  (Geo.  T. 
Hillman  photo.) 


Fig. 132. 


HOW  LIVING  THINGS  MAINTAIN  THEIR  KIND  159 


(b)  Look  for  the  appearance  of  black  dots  on  the  tips  of  the 
thread-like  branches  that  grow  on  the  bread.  When  these  appear, 
transfer  them  to  a glass  slide,  cover  with  a cover  glass,  and 
examine  them  under  the 
low  power  of  a compound 
microscope. 

(c)  Press  the  cover 
glass  down  slightly  and 
move  it  a little  so  as  to 
break  the  black  balls 
open.  Note  the  tiny 
round  bodies  ( spores ) 
which  come  from  the 
balls. 

( d ) Sprinkle  some  of 
the  spores  from  the  black 
balls  on  a piece  of  moist 
bread,  and  then  follow 
spores  grow  into  new  plants?  Compare  the  time  required  to 
obtain  a good  culture  of  bread  mold  when  the  spores  are  planted, 
with  the  time  required  to  grow  a good  culture  by  simply  exposing 
the  bread  to  the  air.  How  do  you  account  for  the  difference? 

The  black  ball-like  structure  which  appears  at  the  tips  of 
the  white  thread-like  structures  is  known  as  the  sporangium , 
or  spore  bearer.  The  spores  are  formed  by  the  division  of  the 
protoplasm  within  the  sporangium.  Each  sporangium  us- 
ually contains  about  a hundred  spores.  When  the  sporangium 
wall  breaks,  the  spores  pass  into  the  air.  These  spores  possess 
heavy  walls  and  also  have  food  materials  stored  in  them. 
They  are  thus  able  to  live  for  a considerable  time  in  the  air. 
When  you  consider  the  thousands  of  spores  produced  by  the 
bread  mold  which  you  raised,  you  can  see  why  it  is  possible 
to  expose  a piece  of  bread  to  the  air  and  be  almost  sure  that 
one  or  more  spores  will  fall  upon  it. 

All  of  the  fungi,  that  is,  the  rusts,  mildews,  smuts,  mush- 
rooms, and  molds  can  reproduce  by  means  of  spores.  The 
number  of  spores  produced  by  the  powdery  mildews  (which 


Fig.  134.  Reproduction  in  the  bread  mold. 


the  directions  given  in  (a).  Do  the 
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grow  on  certain  leaves)  is  so  great  that  they  appear  as  a 
cloud  when  the  branch  is  shaken.  It  is  this  extensive  pro- 
makes it  difficult  for  man  to  rid 
his  plants  of  these  injurious  fungi. 

Spore  formation  also  takes  place 
in  some  of  the  lower  animals.  The 
amoeba,  for  example,  sometimes 
draws  itself  together  in  the  shape 
of  a sphere,  around  which  a heavy 
wall  forms.  The  nucleus  divides 
and  subdivides  until  as  many  as 
five  hundred  nuclei,  each  sur- 
rounded by  a bit  of  protoplasm, 
may  be  formed.  Under  favorable 
conditions  the  wall  breaks,  and  the 
spores  are  released,  each  one  grow- 
ing within  a few  weeks  to  a full-grown  amoeba  (Figure  135). 

The  organism  which  causes  malarial  fever  also  reproduces 
by  spores.  The  malarial-fever  mosquito  injects  the  fever 
parasite  into  the  blood  stream  of  a human  being  when  its 
proboscis  penetrates  the  skin.  This  parasite  enters  a red- 
blood  corpuscle  and  soon  begins  to  divide,  ultimately  form- 
ing from  eight  to  twelve  spores  in  the  corpuscle.  Finally  the 
corpuscle  breaks  up,  and  the  spores  are  liberated  in  the  blood 
stream.  Each  spore  then  enters  a corpuscle,  and  the  same 
process  is  repeated.  The  time  required  for  a complete 
cycle  varies  in  different  species  of  the  parasite.  In  some 
species  the  time  required  is  forty-eight  hours;  in  others  it  is 
seventy-two  hours. 

Mention  has  already  been  made  of  the  power  of  regen- 
erating, that  is,  reproducing,  missing  parts.  This  power  of 
regeneration  is  in  reality  a special  kind  of  growth,  but  in 
certain  circumstances  it  may  result  in  the  formation  of  new 
individuals;  hence  it  is  a mode  of  reproduction.  An  example 
will  make  this  clear.  The  starfish  (Figure  136)  preys  upon 
young  oysters.  The  fishermen,  knowing  this,  used  to  chop 


duction  of  spores  which 


Fig.  135.  Amoeba  reproduc- 
tion by  spores. 
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the  starfish  to  pieces  when  they  caught  them  in  their  nets, 
and  throw  the  pieces  back  into  the  water.  Much  to  their 
surprise,  however,  the  number  of  starfish  increased.  Later 
investigation  showed  that  in  one 
species  of  the  starfish  each  of 
the  arms  could  regenerate  the 
missing  parts;  hence  five  starfish 
developed  for  every  one  which 
was  pulled  apart.  The  fishermen 
thus  assisted  instead  of  hindered 
in  the  propagation  of  more  star- 
fish. Experiments  have  shown 
that  hydras,  many  of  the  worms, 
coral  polyps,  and  sponges  are 
capable  of  this  power  of  total 
regeneration  of  missing  parts 
from  a single  part. 

As  we  pass  upward  from  the 
lower  animals  to  the  higher  ones, 
this  power  to  replace  lost  parts 
becomes  lessened.  Sea  cucum- 
bers, relatives  of  starfish,  and 
sea  urchins,  if  disturbed  or  irritated,  have  the  remarkable 
power  of  ejecting  their  internal  organs  and  of  reproducing 
them  in  a short  time.  Glass  snakes,  really  legless  lizards, 
when  pursued  by  an  enemy  can  snap  off  the  ends  of  their 
tails.  A new  tail  is  soon  regenerated.  These  odd  devices 
may  serve  to  save  the  lives  of  the  sea  cucumber  and  glass 
snake,  for  while  enemies  are  pursuing  the  wriggling  parts 
that  have  been  thrown  away,  the  owners  escape.  A crayfish 
may  lose  a claw,  and  a new  one,  although  it  is  usually  smaller 
than  the  original  one,  may  grow  to  replace  the  missing  one. 
But  a crayfish  will  die  if  cut  in  two. 

Higher  animals  such  as  birds  and  mammals  cannot  replace 
lost  parts.  If,  for  example,  a wing,  foot,  or  an  eye  is  destroyed, 
no  new  one  grows  in  its  place.  But  new  nails,  fur,  hair,  and 


Fig.  136.  A starfish.  (L.  W. 
Brownell  photo.) 


162 


EVERYDAY  PROBLEMS  IN  BIOLOGY 


feathers  usually  take  the  place  of  those  that  are  lost,  and 
should  a higher  animal  be  wounded  by  having  bones  broken 
or  small  portions  of  the  skin  cut  or  torn,  new  cells  promptly 

heal  the  injury. 

Man  has  long  made  use 
of  the  ability  of  plants  to 
regenerate  missing  parts. 
If  you  carry  out  Experi- 
ment 35,  you  can  see  how 
it  is  accomplished. 

Experiment  35.  How  can 
new  plants  be  produced  by 
regeneration?  (a)  Obtain 
some  small  branches  from  a 
willow  tree.  Place  them  in  a 
milk  bottle  half  filled  with 
water.  Examine  the  twigs 
several  days  later.  Results? 

(b)  Make  cuttings  from 
geranium  plants.  Place  in 
wet  sand  and  keep  in  a warm 
place.  Examine  in  about  a 
week  (Figure  138). 

(c)  Secure  a sweet  potato 
and  push  it  part  way  into 

the  mouth  of  a vase  or  a milk  bottle.  Keep  the  vessel  filled 
with  water.  What  happens? 

( d ) Hollow  out  the  bottom  of  a large  turnip. 

Hang  it  up  near  a window  by  means  of  strings 
fastened  to  thumb  tacks  or  nails  pushed  into 
the  turnip  around  the  edge  of  the  opening.  Keep 
the  hollowed  place  filled  with  water.  What  hap- 
pens? 

( e ) Obtain  a begonia  leaf  and  cover  the  broken 
end  with  wet  sand.  Keep  the  sand  moist,  and 
observe  what  takes  place. 

(/)  Obtain  a potato.  Note  the  buds  (“eyes”). 

Cut  the  potato  in  such  a way  that  each  bud  is 


Fig.  137.  The  potato  produces  seeds 
like  any  other  plant,  but  it  can  grow 
roots  and  stems  from  the  buds  on  its 
underground  stem,  called  a tuber. 


Fig.  138. 


HOW  LIVING  THINGS  MAINTAIN  THEIR  KIND  163 


surrounded  by  as  large  an  amount  of  potato  as  possible.  Plant  the 
piece  of  potato  in  soil,  and  water  it  occasionally.  Also  plant  a 
piece  of  potato  which  has  no  bud.  What  happens? 

(g)  Keep  a careful  record 
of  any  changes  that  occur  in 
the  willow,  geranium,  sweet 
potato,  turnip,  potato,  and 
the  begonia  leaf. 

Experiment  35  shows 
how  roots  may  develop 
from  stems  and  leaves,  and 
how  stems  and  leaves  may 
develop  from  roots.  One 
of  the  reasons  why  some 
of  our  weeds  are  so  diffi- 
cult to  eradicate  is  because 
they  possess  this  ability  to  regenerate  missing  parts.  If  the 
roots  of  crab  grass  or  goldenrod  are  cut,  each  part  will  re- 
generate stems  and  leaves  and  thus  de- 
velop into  a new  plant.  The  only  way, 
therefore,  to  get  rid  of  them  is  to  remove 
the  whole  root  from  the  soil.  In  Unit  VIII 
we  shall  see  how  man  makes  use  of  the 
power  of  regeneration  to  select  and  improve 
the  kinds  of  plants  which  he  wishes  for 
food  and  other  uses. 

Many  plants,  such  as  the  potato,  some 
species  of  violets,  Solomon’s  seal,  and  lilies, 
store  food  in  a fleshy,  underground  stem. 
These  underground  stems  take  various 
shapes.  When  they  are  elongated,  they  are 
called  rhizomes  (Figure  139).  When  the 
stem  is  enlarged  rather  than  elongated,  it 
is  called  a tuber  (Figure  137).  When  the 
main  axis  is  vertical  and  is  enclosed  by  overlapping  scale 
leaves,  the  stem  is  known  as  a bulb  (Figures  140  and  141). 


Fig.  140.  Onion 
bulb  regenerating 
roots  and  stems. 


Fig.  139.  The  long,  fleshy  rhizome  of 
the  Solomon’s  seal.  (Visual  Education 
Service  photo.) 
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As  the  experiment  has  shown,  these  underground  stems  are 
able  to  reproduce  by  regenerating  missing  parts.  These  rhi- 
zomes, tubers,  and  bulbs  are  of  great  value  to  the  plants 
which  possess  them  because  they  are  already  in  the  soil  and 
because  they  provide  an  abundant  food  supply 
for  growth.  In  these  respects  they  are  superior 
to  the  seeds  which  these  plants  produce.  Seeds, 
however,  are  scattered  over  wide  areas  by  the 
wind  and  other  agencies,  and  hence  are  superior 
to  the  underground  stem  in  producing  a wide 
distribution.  Some  plants,  such  as  the  straw- 
berry, produce  horizontal  stems  ( runners ) at 
or  slightly  above  the  ground  level.  These  stems 
take  root  at  points  where  they  touch  moist  soil, 
and  new  plants  are  developed  (Figure  142). 

All  of  the  methods  of  reproduction  described, 
binary  fission,  budding,  spore  formation,  and 
regeneration,  are  essentially  alike  in  one  respect 
— each  of  them  depends  upon  cell  division.  In  simple, 
one-celled  organisms  division  results  in  two  distinct  organ- 
isms. The  buds  produced  by  the  hydra  and  other  many- 
celled  animals  are  produced  by  cell  'division  and  grow  into 
mature  organisms  by  continued  cell  division.  The  cells  in 
the  willow  branch,  geranium  slip,  and  begonia  leaf  divide 
and  replace  lost  parts,  resulting  in  complete  plants  like 
the  ones  from  which  the  parts  were  taken.  Cell  division 
in  the  sporangium  of  the  bread  mold  produces  spores  ca- 
pable of  growing,  through  further  cell  division,  into  new 
plants.  Reproduction,  therefore,  is  only  a special  form 
of  growth  which  takes  place  when  a bit  of  protoplasm  is 
detached  from  the  parent  organism  and  grows  into  a new 
individual.  In  the  amoeba  the  detached  protoplasm  is  al- 
ready a complete  organism,  and  growth  is  simply  an  increase 
in  size  of  the  single  cell.  In  the  many-celled  animals  and 
plants  the  detached  protoplasm  must  regenerate  the  missing 
parts,  which  together  make  up  the  complete  organism. 


Fig.  141. 
Section  of 
bulb  showing 
thickened 
leaves. 
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In  the  methods  of  reproduction  which  have  been  con- 
sidered, one  or  more  cells  are  detached  from  a single  organism 
and  grow  into  new  living  things  by  cell  multiplication.  The 
types  of  reproduction  described  are  known  as  asexual  meth- 
ods of  reproduction. 

Why  these  are  called 
asexual  methods  can 
be  best  understood 
by  a comparison  of 
these  methods  with 
another  mode  of  re- 
production, sexual  re- 
production. In  sexual 
reproduction  there  is 
always  a fusion  of 
two  cells  before 
growth  of  the  new  in- 
dividual commences. 

After  the  two  cells  fuse  or  unite  into  one  cell,  cell  division 
and  differentiation  take  place,  resulting  in  a new  organism. 

The  difference  between  the  asexual  method  and  the  sexual 
method  is  essentially  only  a difference  in  the  way  in  which 
the  detached  portion  of  protoplasm,  which  grows  into  a new 
plant,  is  produced.  In  the  asexual  method,  a cell  or  group 
of  cells  which  are  detached  from  the  organism  divide  and 
through  cell  multiplication  and  differentiation  produce  a new 
individual.  In  the  sexual  method,  two  cells  from  the  same 
organism  or  different  organisms  fuse,  cell  multiplication  and 
differentiation  follow,  and  a new  individual  is  produced. 

Suggested  Activity.  Visit  a greenhouse  and  find  out  how 
different  plants  are  propagated. 

Self-testing  exercise  1.  Summarize  briefly  the  different  types 
of  reproduction  discussed  in  this  problem.  Make  a list  of  the 
advantages  and  disadvantages  of  each  method.  Save  your 
answer  to  this  exercise.  You  will  need  it  to  solve  the  exercise 
at  the  end  of  Problem  2. 
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Problem  2 : How  Are  the  More  Complex  Methods 
of  Reproduction  Secured? 

Study  Suggestion.  When  we  come  to  the  higher  plants  and 
animals,  we  find  that  reproduction  is  a very  complex  process 
because  it  is  associated  with  sex.  To  understand  how  sex  affects 
the  process  of  reproduction,  we  must  first  study  some  of  the 
simpler  organisms.  This  study  will  lay  the  foundation  for  an 
understanding  of  the  more  complex  types  of  reproduction. 

One  of  the  common  green  algse,  Ulothrix,  may  be  used 
to  begin  our  study  of  the  development  of  sex.  At  the  end 
of  the  growing  season,  the  cells  in  the  plant  body  divide 

into  a large  number  of  small 
bodies.  This  division  is  similar 
to  that  which  takes  place 
when  spores  are  produced, 
with  this  difference:  the  di- 
vision is  carried  much  further; 
that  is,  a far  greater  number 
of  bodies  are  produced  (Fig- 
ure 143).  These  small  bodies, 
or  gametes,  are  discharged  into 
the  water,  where  they  swim 
about,  finally  coming  together 
in  pairs  and  fusing  with  each 
other.  The  gametes  differ 
from  spores  in  that  they  can- 
not develop  into  a new  plant 
until  this  fusion  has  taken 
place.  The  fusion  of  the  two  gametes  thus  presents  a type 
of  sexual  reproduction  in  that  neither  gamete  is  capable,  by 
itself,  of  growing  into  a Ulothrix  plant.  There  is,  however, 
apparently  no  difference  between  the  two  gametes  which 
fuse;  they  cannot  be  distinguished  as  male  or  female. 

CEdogonium,  another  green  alga,  however,  has  two  dif- 
ferent kinds  of  gametes.  Observe  Figure  144  and  note  that 


Fig.  143.  Formation  and  dis- 
charge of  gametes  in  the  Ulothrix. 
The  round  body  at  the  top  right 
of  the  picture  is  the  result  of 
fusion  of  two  gametes. 
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the  gametes  are  produced  in  different  parts  of  the  plant. 
One  gamete,  the  female,  appears  as  a large  rounded  cell, 
and  the  other  gamete,  the  male,  is  a small 
active  body.  The  female  gamete  is  known 
as  the  egg;  the  male  gamete  as  the  sperm. 

The  sperm,  which  is  equipped  with  cilia, 
swims  to  the  egg;  the  wall  enclosing  the 
egg  breaks,  and  the  sperm  enters  and  unites 
or  fuses  with  the  egg.  The  fusion  of  a sperm 
with  an  egg  is  called  fertilization.  The  fer- 
tilized egg  is  capable  of  germinating  and 
growing  into  a new  plant.  Without  fertili- 
zation, it  does  not  grow  into  a new  organism. 

Now  let  us  turn  to  a study  of  the  para- 
mecium.  We  have  already  learned  that  para- 
mecia  reproduce  by  binary  fission.  After  re- 
peated divisions  have  taken  place,  however, 
a new  event  occurs  in  the  life  cycle  of  the  animal.  Two 
paramecia  come  together,  as  shown  in 
Figure  145,  and  a small  bridge  of  pro- 
toplasm is  formed  between  the  two  ani- 
mals. During  this  attachment  certain 
changes  take  place  in  the  nuclei  of  the 
two  animals,  and  they  exchange  nuclear 
materials.  After  the  exchange  is  com- 
pleted, the  paramecia  separate  and  go 
on  living  as  before,  except  that  they  are 
now  able  to  divide  more  rapidly.  As 
time  goes  on,  the  rate  of  cell  division 
decreases,  and  it  is  believed  that  it  will 
eventually  cease  unless  cell  union  of  the 
paramecia,  or  conjugation  as  it  is  called, 
again  takes  place.  Conjugation  thus 
results  in  a rejuvenation  of  the  two  para- 
mecia, that  is,  in  renewing  the  energy  of  the  animal  and 
making  it  more  vigorous.  So  far  as  is  now  known,  the  two 


Fig.  145.  Stages  in 
the  conjugation  of 
paramecia. 


Fig.  144. 
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paramecia  which  conjugate  are  identical;  that  is,  they  can- 
not be  distinguished  as  male  or  female. 

A process  somewhat  similar  to  that  taking  place  in  the 
paramecium  occurs  in  the  Spirogyra.  Under  unfavorable 
conditions,  conjugation  takes  place  between  the  cells  of  two 
different  plants  (Figure  146).  Each  cell  puts  out  a proto- 
plasmic bridge  which  joins  with  a similar  bridge  from  a cell  of 
a near-by  plant.  When  these  swellings  meet  and  open,  they 


Fig.  146.  Stages  in  the  conjugation  of  Spirogyra.  Note  the 
completed  zygote  in  the  figure  at  the  right. 


form  a tube  through  which  the  contents  of  one  cell  flow  into 
the  cell  of  its  neighbor.  The  contents  of  the  two  cells  fuse 
and  form  what  is  called  a zygote.  A heavy  wall  forms  around 
the  zygote,  which  enables  it  to  withstand  unfavorable  condi- 
tions of  temperature  and  moisture.  When  conditions  become 
favorable,  it  germinates  and  produces  a new  plant.  In  some 
species  of  Spirogyra,  one  of  the  pairing  filaments  always  dis- 
charges its  contents  into  the  other. 

In  the  examples  which  have  been  given,  several  methods  of 
sexual  reproduction  have  been  described.  They  are  all 
similar,  however,  in  that  each  method  brings  about  a union 
of  two  cells  or  part  of  two  cells.  In  the  paramecium  certain 
parts  of  the  nuclei  were  exchanged  and  fused  with  those  of 
the  other  cell.  In  the  Spirogyra  the  entire  contents  of  the 
two  cells  of  different  plants  united.  In  the  Ulothrix  the  small 
cells  or  gametes  produced  by  the  plant  fused.  In  the  (Edogo- 
nium  two  different  kinds  of  gametes,  produced  in  different 
parts  of  the  plant,  united  to  form  a fertilized  egg. 

Now,  this  introduction  of  sex  into  the  process  of  repro- 
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duction  has  far-reaching  results:  In  sexual  reproduction 
materials  from  different  individuals  come  together  and  fuse. 
The  new  individual  produced  may,  therefore,  inherit  char- 
acteristics from  two  parents.  This  possibility,  as  we  shall 
see  later,  is  of  vast  importance  to  the  species. 

Let  us  now  pass  on  to  a higher  type  of  plant,  the  mosses. 
The  sex  organs  of  the  mosses  are  produced  on  the  tips  of 


Fig.  147.  Steps  in  the  process  of  reproduction  of  a moss  plant.  The 
round  object  in  the  center  of  the  archegonium  is  the  egg. 

leafy  shoots.  If  these  are  examined  under  a microscope 
when  the  organs  are  developing,  two  types  of  sex  organs  may 
be  found.  Some  species  of  moss  bear  both  kinds  of  sex 
organs  ( antheridia  and  archegonia ) on  the  same  plant,  while 
others  bear  only  organs  of  one  sex. 

When  the  sex  organs  are  mature,  the  wall  of  the  anthe- 
ridium  bursts,  and  the  thousands  of  sperm  cells  formed  within 
escape.  The  sperm  cells  are  equipped  with  two  cilia  (Figure 
147)  and  can  swim  quite  actively  in  the  film  of  water  on  the 
moss  plant.  When  they  come  in  contact  with  the  neck  of 
the  archegonium,  they  make  their  way  down  through  the 
neck  to  the  egg.  The  sperm  then  unites  with  the  egg,  and 
the  act  of  fertilization  is  completed.  The  fertilized  egg  then 
commences  to  divide.  It  produces  a foot  which  anchors  it  to 
the  plant  and  enables  it  to  obtain  nourishment.  It  then 
grows  a long,  hair-like  structure,  the  seta.  The  upper  end  of 
the  seta  enlarges  into  a capsule.  The  protoplasm  in  the  cap- 
sule then  divides  and  forms  a large  number  of  spores.  When 
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the  spores  are  mature,  the  capsule  bursts,  scattering  the 
spores  in  all  directions.  The  spore  germinates  if  the  condi- 
tions are  suitable  and  forms  branching  filaments,  the  proto- 
nema.  Some  of  the  cells  in  the  protonema  divide  and  form  a 
bud.  These  buds  grow  into  a mature  moss  plant. 

At  this  point  we  must  note  a difference  in  the  process  of 
reproduction  in  the  simple  water  plants  and  in  land  plants. 
In  the  simpler  plants  living  in  the  water,  the  distribution  of 
the  organisms  was  brought  about  by  the  swimming  sperm. 
In  land  plants,  however,  this  method  could  not  be  successful, 
since  sperm  cells  cannot  swim  in  the  air.  The  mosses  have 
retained  the  swimming  sperm;  hence,  a film  of  water  must  be 
present  so  that  the  sperm  can  swim  to  the  archegonium. 

However,  the  mosses  have  added  another  step  in  the  process 
to  secure  the  distribution  of  the  species.  The  fertilized  egg 
does  not  grow  into  a plant  like  the  parent,  as  happens  in  the 
simpler  plants.  The  fertilized  egg  grows  into  a structure  which 
can  produce  spores.  These  spores  have  heavy  walls,  and  can 
be  carried  by  the  wind.  Thus  the  moss  is  enabled  to  scatter 
its  spores  in  the  air  and  distribute  the  plant  far  and  wide. 
The  heavy  wall  of  the  spore  prevents  the  protoplasm  from 
drying  and  enables  it  to  live  until  favorable  growing  con- 
ditions are  present. 

You  are  already  familiar  with  the  growth  of  the  seed. 
You  know  that  the  seed  contains  an  embryo,  which  under 
favorable  conditions  will  grow  into  a new  plant.  How  the 
seed  itself  is  formed  is  another  story.  Because  lilies  are  such 
common  flowers  and  their  parts  are  so  easily  studied,  we 
shall  use  one  as  an  example  of  how  reproduction  takes  place 
in  the  seed  plants. 

Experiment  36.  What  parts  of  the  lily  are  concerned  with  the 
process  of  reproduction?  (a)  Obtain  the  flower  of  any  member  of 
the  lily  family.  If  none  is  available,  any  simple  flower,  such  as  the 
petunia  or  primrose,  will  serve  your  purpose.  Remove  the  showy 
outer  part  of  the  flower  and,  with  the  help  of  Figure  148,  locate 
the  stamens,  anthers,  filaments,  pistil,  stigma,  style,  and  ovary. 
Make  a diagrammatic  sketch  showing  these  parts.  Label  each  part. 
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Fig.  148.  Parts  of  a morning-glory  flower.  The  stem  supporting 
the  anther  is  called  the  filament.  Anther  and  filament  together  are 
called  the  stamen.  The  stem  supporting  the  stigma  is  called  the 
style.  Stigma,  style,  and  ovary  together  make  up  the  pistil.  The 
green  leaf-like  structure  surrounding  the  base  of  the  flower  is  the 
calyx.  Its  separate  parts  are  called  sepals.  (Field  Museum  photo.) 

(b)  Cut  across  the  ovary  with  a sharp  knife  or  safety-razor 
blade.  Note  the  number  of  compartments  in  the  ovary.  In  the 
compartments  you  will  be  likely  to  find  small  rounded  bodies, 
the  ovules.  Make  a sketch  of  what  you  see. 

(c)  Examine  an  anther.  Note  the  tiny  yellow  pollen  grains. 
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As  is  true  of  the  lily  blossoms,  the  flowers  of  plants  have 
as  a special  function,  the  reproduction  of  their  kind.  The 
essential  organs  for  reproduction  are  the  stamen  and  pistil. 
The  tip  of  the  stamen,  the  anther,  contains  pollen  grains 
or  spores  which  are  formed  by  cell  division  in  the  anther. 
Within  the  ovary,  cell  division  also  produces  certain  kinds 
of  spores.  The  spores  formed  in  the  ovary  and  anther  differ 


Fig.  149.  How  pollination  of  the  flower  is  secured.  Study  the 
drawing  carefully  in  order  that  you  may  understand  how  the 
pollen  grain  gets  from  the  anther  to  the  stigma.  Note  how  the 
pollen  grain  germinates  and  works  its  way  down  into  the  embryo 
sac  within  the  ovule. 

from  the  spores  produced  by  the  moss  in  that  they  cannot 
grow  into  a new  plant,  as  you  will  learn  from  the  following 
explanation.  When  the  pollen  grain  is  ripe,  it  is  ready  to  be 
transferred  to  the  sticky,  roughened  stigma  of  the  pistil. 
This  transfer  ( pollination , as  it  is  called)  is  brought  about  in 
a variety  of  ways,  as  we  shall  see  later. 

When  the  pollen  grain  is  deposited  on  the  stigma,  its 
outer  wall  breaks,  and  its  inner  wall  protrudes  through 
the  opening,  producing  a long  tube  which  forces  its  way 
down  through  the  style  to  the  ovary  (Figure  149).  While 
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this  is  taking  place,  a process  of  development  is  going  on 
within  the  spores  produced  in  the  anther  and  the  ovary. 
As  a result  of  this  process,  a male  cell  or  sperm  is  produced 
in  the  pollen  grain,  and  an  egg  is  produced  in  the  spore  in 
the  ovary.  The  pollen  tube 
penetrates  one  of  the  ovules, 
and  the  sperm  fertilizes  the 
egg.  In  some  plants  there 
are  many  ovules.  Each  of 
these  ovules  contains  an  egg, 
and  each  egg  must  be  fertil- 
ized. After  fertilization,  each 
fertilized  egg  begins  to  divide 
and  finally  forms  an  embryo 
within  a hard,  outer  coat. 

Around  the  embryo  a supply 
of  food  is  stored.  The  whole 
makes  up  what  we  call  a 
seed.  The  pistil  in  which  the 
seeds  are  produced  finally 
breaks,  and  the  seeds  escape, 
in  the  autumn  and  lie  on  the  ground  over  the  winter  until 
favorable  growing  conditions  arrive. 

We  ordinarily  think  of  fruits  as  being  good  to  eat,  but  the 
word  “fruit”  has  a different  meaning  in  science.  The  ovary 
with  its  seeds  is  technically  known  as  a fruit.  Thus,  in  this 
sense  there  are  winged  fruits,  such  as  in  the  elm  and  maple. 
Apples,  pears,  grapes,  tomatoes,  currants,  melons,  pumpkins, 
dates,  cherries,  and  raspberries  are  examples  of  fruits.  In 
some  fruits  other  parts  of  the  plant,  such  as  the  receptacle 
(the  end  of  the  stem  on  which  the  flower  grows)  and  the 
calyx  (the  green,  leaf-like  structures  at  the  base  of  the  flower), 
surround  the  ripened  ovary.  Thus,  the  fleshy  part  of  the 
apple,  in  which  the  seeds  are  found,  is  formed  from  the 
receptacle.  The  fruit  furnishes  protection  for  the  seed  during 
the  time  of  its  inactivity.  It  also  helps  secure  dissemination 


Fig.  150.  Pollen  grains  highly  mag- 
nified. The  larger  ones  are  from  the 
marsh  mallow;  the  smaller  are  from 
the  dahlia.  (Jesse  L.  Smith  photo.) 

As  a rule,  seeds  are  produced 


174 


EVERYDAY  PROBLEMS  IN  BIOLOGY 


of  seeds.  For  example,  birds  carry  fruit  away  and  eat  it. 
Later  the  seeds  are  voided  and  drop  on  the  ground  where 
they  may  germinate. 

In  this  problem  it  has  been  possible  to  present  only  a few 
of  the  changes  which  have  taken  place  in  methods  of  repro- 
duction. We  have  seen  that  sexual  reproduction  begins  in 
the  algae  where  a swimming  sperm  unites  with  an  egg  cell  of 
the  same  plant  or  of  another  plant.  The  mosses  improved 
upon  this  process  by  the  addition  of  another  stage  in  the  life 


Pine  Peach  Plum  Cherry  Pear  ^ 

Fig.  151.  Note  the  winged  fruit  of  the  maple,  elm,  and  pine  to  help 
the  wind  carry  the  seeds.  The  oak,  hickory,  peach,  and  beech  seeds 


are  well  protected  by  their  hard  outer  shells. 

cycle,  the  production  of  spores.  Mosses,  however,  can  live 
only  in  moist  places,  because  it  is  still  necessary  for  the  sperm 
to  swim  to  the  archegonium. 

The  seed  plants,  however,  have  completely  done  away  with 
the  necessity  of  living  in  an  environment  where  water  is 
necessary  for  fertilization.  In  the  seed  plants  the  pollen 
grain  containing  the  sperm  cell  can  travel  through  the  air. 
Furthermore,  the  production  of  a seed  which  can  live  through 
many  years  of  unfavorable  conditions  and  still  be  able  to 
germinate  when  favorable  conditions  arise  is  of  great  benefit 
in  the  distribution  of  the  plant.  It  is  these  changes  in  the  mode 


HOW  LIVING  THINGS  MAINTAIN  THEIR  KIND  175 


of  reproduction  which  have  made  the  seed  plant  the  dominant 
plant  of  our  environment. 

What  are  the  advantages  of  cross-pollination?  We  are 

now  ready  to  consider  some  of  the  advantages  secured 
through  the  introduction  of  sex  into  the  process  of  repro- 
duction. As  you  saw  in  Figure 
149,  page  172,  there  are  two 
ways  in  which  plants  are  polli- 
nated : self-pollination  and  cross- 
pollination. In  self-pollination 
the  pollen  from  a stamen 
reaches  the  stigma  of  the  same 
flower.  Many  plants,  including 
wheat,  have  this  method.  There 
are  a great  many  plants,  how- 
ever, that  produce  better  seeds 
and,  therefore,  better  plants 
when  the  pollen  comes  from 
the  stamen  of  different  flowers. 

Charles  Darwin  showed,  for 
example,  that  cabbages  which 
were  pollinated  by  pollen  of 
the  same  flower  for  several 
generations  weighed  only  about 
one-fifth  as  much  as  those 
which  were  cross-pollinated  for 
several  generations.  Experiments  with  corn  have  also  shown 
that  self-pollination  results  in  a decrease  of  from  sixty  to 
seventy  per  cent  in  yield  after  a period  of  six  or  eight  years. 
In  cross-pollination,  of  course,  the  pollen  must  come  from 
the  same  kind  of  flower.  Corn  pollen,  for  example,  can  fer- 
tilize corn  pistils  (the  silks),  but  they  cannot  fertilize  oats 
or  sugar  cane. 

Now  let  us  see  the  advantage  of  cross-pollination  to  plants. 
The  seed  which  is  formed  contains  materials  from  two  dis- 
tinct plants;  that  is,  the  sperm  comes  from  one  plant  and 


Fig.  152.  The  flower  of  the  wild 
oat.  Perhaps  you  have  never  real- 
ized that  the  grasses  bear  flowers, 
also.  (Field  Museum  photo.) 
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the  egg  from  another.  The  next  generation  will  thus  inherit 
characteristics  from  both  of  the  parents.  As  you  know,  there 
are  no  two  living  things  which  are  exactly  alike.  Since  the 
parents  differ,  it  is  evident  that  the  offspring  will  have  char- 
acteristics which  are  not  exactly  like  those  of  either  of  the 
parents.  They  will  resemble  the  parents  in  general;  that  is, 
they  will  be  plants  of  the  same  species,  but  they  will  differ 
from  the  parents  in  certain  details.  These  changes  take 
place  generation  after  generation,  and  it  is  through  these 
changes  that  new  variations  in  the  structures  of  organisms 
are  possible. 


Fig.  153.  This  ear  of  corn  grew  on  a plant  that  would  normally 
bear  white  corn.  However,  this  particular  ear  was  partly  pol- 
linated by  pollen  from  a plant  that  bore  purple  corn.  The  charac- 
teristics of  both  parents  appear  in  the  offspring. 

At  rare  intervals  one  of  the  offspring  will  appear  with  a 
structure  different  from  that  possessed  by  the  parents. 
Occasionally  this  structure  will  be  helpful  to  the  plant.  Of 
course,  any  change  or  variation  occurring  in  a given  plant 
which  fits  that  plant  better  to  the  soil,  temperature,  rainfall, 
or  other  environmental  conditions,  gives  that  plant  a better 
chance  to  survive.  It  will  therefore  have  a better  chance 
to  produce  seeds  and  perpetuate  itself.  The  introduction 
of  sex  into  reproduction  therefore,  has,  brought  about  a 
greater  chance  for  variation,  that  is,  for  the  production  of 
new  forms  of  structures  which  may  better  adapt  the  organism 
to  the  environment.  As  we  shall  see  in  Unit  VIII,  it  is  through 
this  process  of  variation  that  man  has  been  able  to  produce 
better  plants  and  animals. 
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How  do  plants  secure  cross-pollination?  If  you  examine 
plants,  you  will  find  that  many  interesting  devices  have  been 
developed  to  prevent  self-pollination  and  to  secure  cross- 
pollination. Of  course,  this  does  not  mean  that  plants  have 
developed  these  methods  through  thinking  or  planning.  The 
methods  have  evolved  through 
the  variations  which  resulted 
and  through  the  natural  selec- 
tion of  those  variations  which 
proved  to  be  advantageous  to 
the  plant. 

In  certain  flowers,  such  as 
the  geranium  and  sunflower, 
the  pistils  and  stamens  of  a 
given  flower  mature  at  dif- 
ferent times.  This  makes  it 
impossible  for  self-pollination 
to  take  place.  One  of  the  oddest 
methods  of  preventing  self-pol- 
lination, and  one  of  the  most 
effective,  may  be  seen  in  the 
bluets  and  primroses.  The 
flowers  of  one  plant  have  long  styles  and  short  stamens; 
those  of  another  plant  have  short  styles  and  long  stamens. 
Pollen  from  short  stamens  will  fertilize  only  those  pistils 
with  short  styles,  while  pollen  from  long  stamens  will  fertilize 
only  those  pistils  with  long  styles.  The  examples  above 
represent  but  a few  of  the  many  different  ways  in  which 
self-pollination  is  prevented  and  cross-pollination  is  secured. 

In  some  plants  cross-pollination  is  the  only  means  whereby 
fertilization  can  take  place.  The  reason  for  this  is  as  follows: 
Each  plant  of  the  species  bears  only  one  kind  of  flower;  that 
is,  either  a flower  with  pistils  or  one  with  stamens,  but  not 
both.  Thus,  one  willow  tree  will  bear  staminate  flowers,  pro- 
ducing the  pollen  grains  on  the  anthers.  Another  will  grow 
pistillate  flowers , with  stigmas  and  ovaries  (Figure  154). 


Fig.  154.  Flowers  of  the  willow 
tree.  Those  at  the  left  are  pistil- 
late; those  at  the  right  are 
staminate.  (Fuller  photo.) 
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The  poplars,  or  cottonwoods,  are  also  examples.  This  is 
why  certain  of  the  cottonwood  trees  do  not  bear  the  “cotton” 
which  carries  the  seed. 

Cross-pollination  is  also  secured  through  the  help  of  insects 
which  visit  flowers  for  pollen  and  nectar,  which  they  use  as 
food.  As  they  flit  from  flower  to  flower,  they  carry  pollen 
grains  on  their  hairy  bodies,  and 
these  are  often  deposited  upon  the 
stigma  of  another  flower.  Some 
plants  are  pollinated  entirely  by 
insects.  Thus  animals  like  the 
honeybee,  going  about  their  own 
business,  assist  in  the  life-process 
of  plants. 

How  do  the  higher  animals  repro- 
duce their  kind?  As  we  pass  from 
the  plant  kingdom  to  the  animal 
kingdom,  we  cannot  help  but  notice 
the  similarity  of  all  living  things.  In 
the  one-celled  animals  reproduction 
may  take  place  by  binary  fission  as 
in  the  plants.  You  have  already  learned  this  in  the  case  of 
the  amoeba  and  the  paramecium.  Some  of  the  lower  animals 
conjugate  as  do  some  of  the  lower  plants.  Reproduction  may 
also  take  place  through  formation  of  spores  in  both  the  lower 
animals  and  the  lower  plants. 

As  we  pass  from  the  lower  animals  to  the  higher  animals, 
an  increased  specialization  of  cells  for  reproductive  functions 
is  found.  Many  of  the  lower  animals,  such  as  the  hydra 
and  earthworm,  bear  both  types  of  reproductive  organs; 
that  is,  they  produce  sperm  cells  and  eggs.  In  the  hydra 
the  sperm  may  fertilize  the  egg  of  the  same  individual. 
In  the  earthworm,  however,  a method  of  securing  cross- 
fertilization has  developed.  Two  worms  come  together,  and 
each  passes  sperm  cells  to  the  other.  These  are  held  in 
small  receptacles  until  the  eggs  are  mature.  Then,  through 


Fig.  155.  A bee  would 
have  a difficult  time 
alighting  on  these  apple 
blossoms  without  getting 
pollen  on  its  body. 
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a rather  intricate  method,  the  sperm  cells  are  brought  in 
contact  with  the  eggs,  and  fertilization  takes  place. 

The  higher  animals  may  be  classified  as  male  or  female; 
that  is,  each  individual  is  capable  of  producing  a sperm  or 
an  egg,  but  not  both.  The  egg  is  developed  in  the  female, 
and  the  sperm  is  developed  in  the  male.  The  process  of 
fertilizing  the  egg  by  means  of  the  sperm  is  brought  about 
in  different  ways,  depending  upon  the  type  of  animal.  Some 
of  these  ways  will  be  considered  in  the  following  paragraphs. 


Fig.  156.  Eggs  of  the  brook  trout,  laid  in  a basin-like  spot  amid  the 
gravel  at  the  bottom  of  a quiet  pool.  (Lynwood  M.  Chace  photo.) 


The  female  fish  lays  thousands  of  eggs.  She  then  goes 
away  and  leaves  the  eggs  to  their  fate.  The  male  fish  comes 
along  and  deposits  sperm  cells  among  the  eggs.  He  then 
goes  on  his  way.  Those  eggs  that  are  fertilized  can  develop 
into  fish.  Of  course,  it  is  possible  that  the  eggs,  or  at  least 
part  of  them,  may  never  be  fertilized.  Those  which  are  not 
fertilized  die.  The  fish,  however,  lays  such  a great  abundance 
of  eggs  that,  even  though  but  few  of  them  are  fertilized, 
enough  of  them  hatch  and  grow  to  maturity  to  provide  for 
new  generations. 

The  mother  fresh-water  clam  has  a unique  way  of  sending 
her  young  out  into  the  world.  Sperm  cells  from  the  male 
clam  are  thrown  into  the  water  through  the  outgoing  siphon. 
They  are  taken  into  the  body  of  the  mother  clam  through 
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her  ingoing  siphon,  where  they  fertilize  the  eggs.  The  young 
clams  develop  within  the  gills  of  the  mother.  When  they 
have  reached  the  proper  stage  of  development,  they  are 
forced  out  into  the  water. 

Like  the  fish,  the  birds  and  many  other  animals  lay  eggs, 
but  the  eggs  are  fertilized  by  the  sperm  cells  before  they  leave 

the  body  of  the  mother.  The 
fertilized  egg  undergoes  a period 
of  development  within  the  body 
of  the  mother,  during  which  it 
is  surrounded  with  food  ma- 
terial for  the  growing  embryo 
and  is  covered  with  a shell  for 
protection  before  it  is  laid. 
After  it  is  laid,  it  undergoes 
further  development,  resulting 
in  the  hatching  of  the  young. 
In  the  mammals,  such  as  the 
rabbit,  horse,  cow,  and  man, 
the  eggs  complete  their  de- 
velopment within  the  body  of 
the  mother,  and  the  young 
animals  are  born  alive. 

So  we  see  that  the  process 
of  sexual  reproduction  in  plants 
and  animals  is  essentially  the 
same.  An  egg  cell  must  always 
be  fertilized  by  a sperm.  The 
fertilized  egg,  so  produced, 
must  divide.  This  multiplication  of  cells  brings  about  increase 
in  size,  and  the  differentiation  of  cells  eventually  produces  a 
mature  organism. 

Self-testing  exercise  2.  Make  a comparison  of  asexual  repro- 
duction and  sexual  reproduction.  What  conclusion  do  you  draw 
as  to  the  advantages  and  disadvantages  of  each  of  the  types  of 
reproduction? 


Fig.  157.  Eggs  found  in  the  body 
of  a snapping  turtle.  The  large 
number  ensures  the  survival  of  at 
least  some  offspring. 
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Problem  3:  How  Do  Parents  Provide  for 
Their  Young? 

Study  Suggestion.  As  you  study  this  problem,  note  the  dif- 
ferences in  the  amount  of  parental  care  given  by  different  animals 
to  their  young.  Also  note  the  relationship  between  the  mode  of  re- 
production and  the  number  of  young 
produced  with  the  amount  of  parental 
care  necessary  to  bring  the  young  to  a 
point  where  they  can  take  care  of  them- 
selves. 

When  you  came  into  this  world, 
you  were  absolutely  helpless.  You 
could  not  feed  yourself,  you  could 
not  move  from  place  to  place  un- 
less someone  carried  you,  and  you 
could  not  even  see  what  was  going 
on  around  you.  Left  to  yourself, 
you  would  have  died.  But,  fortu- 
nately, your  mother  or  your  father 
or  someone  else  looked  after  your 
wants  until  you  were  old  enough 
to  help  yourself.  Most  of  us  rarely 
think  about  the  care  and  energy 
which  has  been  expended  in  order 
that  we  may  grow  and  take  our 
place  in  the  world. 

Of  course,  you  know  without  being  told  that  animals 
such  as  the  amoeba,  paramecium,  and  hydra  take  no  care 
of  their  young.  As  a matter  of  fact,  in  the  amoeba  it  is 
impossible  to  call  either  of  the  animals  which  are  produced 
by  fission  the  offspring.  They  are  both  young  in  the  sense 
that  they  are  smaller  than  fully  mature  amoebas,  but  they 
have  all  the  essential  structures  of  the  adult  amoeba  and 
can  carry  on  all  of  the  activities  of  life. 

Many  animals  never  see  their  young.  The  only  provision 
which  is  made  for  them  is  that  food  is  stored  in  the  egg, 


Fig.  158.  The  alligator  lays 
its  eggs  on  a mound  of  earth 
and  rotting  plant  materials. 
No  care  is  given  them  or  the 
young.  (Field  Museum  photo.) 
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which  nourishes  the  young  until  they  can  find  food.  In  this 
class  of  animals  we  find  the  earthworm,  starfish,  most  of  the 
fishes,  the  frogs,  the  reptiles,  and  many  others.  Most  of 
these  animals  lay  many  eggs,  some  of  them  many  thousands 
of  eggs.  A large  number  of  these  are  devoured  by  other 
animals.  A few  of  them,  however,  hatch.  The  young  are 
fully  able  to  take  care  of  themselves  so 
far  as  obtaining  food  is  concerned.  Many 
of  them,  of  course,  are  eaten  by  other  ani- 
mals, but  some  of  them  grow  to  maturity. 
In  spite  of  the  lack  of  parental  care,  a 
sufficient  number  of  these  animals  grow  to 
maturity  to  keep  the  species  from  dying 
out.  Two  important  factors  are  responsible 
for  this:  the  large  number  of  eggs  pro- 
duced and  the  ability  of  the  young  to 
take  care  of  themselves  as  soon  as  they 
are  hatched. 

Suggested  Activity.  If  you  live  near  a 
body  of  water  in  which  there  are  turtles,  you 
may  be  able  to  find  a nest  by  tracking  the 
animal  from  the  edge  of  the  water  to  a scratched 
place  in  the  sand  several  yards  from  the  shore. 
If  the  eggs  are  kept  covered  with  sand,  you 
may  have  the  pleasure  of  seeing  some  brand- 
new  baby  turtles. 

Insects  provide  for  their  young  chiefly  by  depositing  the 
eggs  in  favorable  places.  Grasshoppers,  for  example,  lay 
their  eggs  in  the  hardest  soil  they  can  find.  This  protects 
the  eggs  from  the  presence  of  too  much  water,  which  will 
cause  the  eggs  to  spoil.  The  hard  soil  takes  up  less  water 
than  loose  soil,  and  it  does  not  hold  water  so  long.  You 
perhaps  are  wondering  how  the  grasshopper  knows  this. 
The  answer  is  that  she  does  not  know  it.  Her  acts  are  per- 
formed entirely  by  instinct.  They  are  more  automatic  and 
involuntary  than  the  blinking  of  your  eye. 


Fig.  159.  Egg  mass 
of  a tick.  More 
than  a few  will 
reach  maturity. 
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Many  insects  lay  their  eggs  near 
a food  supply  which  the  young  may 
find  as  soon  as  they  hatch.  The 
young  of  the  blister  beetle,  for  ex- 
ample, positively  refuse  to  eat  any- 
thing but  grasshopper  eggs.  The 
blister  beetle  does  not  need  to  lay 
her  eggs  in  the  hard  ground  be- 
cause they  hatch  in  but  a few  days. 

She  lays  them,  however,  either  on 
or  near  the  hard  ground  near  grass- 
hopper eggs. 

Just  as  soon  as  a baby  blister 
beetle  hatches  out,  it  stretches  its 
legs  and  off  it  goes  in  search  of  a 
grasshopper’s  nest.  How  it  can 
locate  the  nest  is  a mystery,  but 
hunger  must  help,  for  if  there  is 
a nest  within  reach  of  the  beetle’s 
active  legs,  it  is  sure  to  find  it.  It  then  rapidly  digs  its  way 
into  the  egg  follicle  or  cell,  and  even 
though  a grasshopper’s  nest  generally 
contains  from  twenty  to  thirty  eggs, 
it  never  stops  till  all  are  devoured. 

Many  other  insects  besides  the 
blister  beetle  deposit  their  eggs  in 
locations  near  a food  supply  for  the 
young.  Cabbage  butterflies  lay  their 
eggs  on  the  underside  of  cabbage 
leaves,  and  when  the  young  hatch, 
they  are  in  the  midst  of  a plenteous 
pantry.  Flies  lay  their  eggs  on  de- 
caying meat,  or  on  manure  piles,  or 
in  garbage.  Scarab  beetles  or  tumble- 
bugs  deposit  their  eggs  in  manure 
and  roll  it  into  a ball  which  sup- 


Fig.  161.  The  wasp  makes 
a nest  for  her  eggs,  deposits 
food  in  each  cavity,  and 
then  closes  the  cavities. 
(Geo.  T.  Hillman  photo.) 


Fig.  160.  The  honeybee  takes 
elaborate  care  of  its  young,  in 
a carefully  constructed  home. 
At  the  left  are  eggs,  pupa,  and 
larva.  At  the  right  are  the 
compartments  for  the  queen 
bee,  whose  sole  duty  is  to 
propagate  the  species. 
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Fig.  162.  Insect  cocoons  on  a hawk-moth 
larva.  When  hatched,  they  eat  some  of  the 
flesh  of  the  larva;  but  strange  to  say,  they  do 
not  injure  it.  (Geo.  T.  Hillman  photo.) 


plies  food  for  the  young  when  they  hatch  out.  The  swellings 
on  plants  where  the  eggs  of  gall  flies  have  been  laid  supply 
food  and  protection  for  the  young.  Ichneumon  flies  place 

their  eggs  either  on 
or  under  the  skin  of 
the  larvae  of  other  in- 
sects, and  fresh  meat 
is  thus  provided  for 
the  young.  The  aphis- 
lion  or  lace-winged  fly 
provides  for  the  pro- 
tection of  her  young 
in  an  odd  and  in- 
teresting way.  Each 
egg  is  fastened  at  the  end  of  a silken  stalk,  and  the  stalk  is 
attached  to  a leaf.  This  device  prevents  the  cannibalistic 
young  from  devouring  the  eggs 
that  contain  their  brothers  and 
sisters  that  have  not  yet  hatched 
out. 

Certain  spiders  provide  food 
for  their  young  in  a way  that 
illustrates  survival  of  the  fittest 
as  well  as  the  fattest.  The  mother 
spider  lays  her  eggs  in  a silken 
cocoon  which  she  carries  about 
with  her  for  a time,  finally  hid- 
ing it  in  a secluded  place.  The 
eggs  hatch  out  within  the  silken 
case,  and  here  the  larger,  stronger 
young  eat  their  smaller  brothers 
and  sisters.  When  the  case  is 
finally  opened,  a few  large,  strong 
young  spiders  step  out  to  take 
their  places  in  the  world.  Another  way  in  which  mother 
spiders  provide  for  their  young  is  by  permitting  them  to  ride 


Fig.  163.  Egg  cocoon  of  the 
golden  spider.  (Lynwood  M. 
Chace  photo.) 
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on  her  back  until  they  are  large  enough  to  take  care  of  them- 
selves. Sometimes  the  children  are  so  numerous  that  they 
almost  completely  cover  the  mother. 

Most  fish  make  no  provision  for  their  young  except  that 
there  is  food  stored  up  in  the  eggs.  The  devotion  of  parents 
to  the  welfare  of  their  children,  however,  is  well  illustrated 
in  the  case  of  one  fish,  the 
salmon.  This  fish  lives  in 
salt  water,  but  the  eggs 
must  be  laid  in  fresh  water. 

This  makes  it  necessary  for 
the  parents  to  travel  great 
distances  up  the  courses 
of  swiftly  flowing  streams. 

In  swimming  among  stones 
and  over  rocky  waterfalls 
their  bodies  may  become 
so  bruised  that  they  die 
from  the  injuries  after 
spawning.  Eels,  on  the 
other  hand,  live  in  fresh- 
water streams,  but  their 
eggs  will  develop  only  in 
salt  water.  When  the  parents  are  ready  to  spawn , they 
travel  down  the  streams  hundreds  or  even  thousands  of  miles 
and  far  out  into  the  ocean.  Here  the  eggs  and  sperm  cells  are 
deposited,  after  which  the  parents  die. 

Although  most  fish  pay  no  attention  to  their  young  after 
they  are  hatched,  there  is,  however,  one  plucky  little  fish,  the 
stickleback,  that  builds  a nest.  Here  the  eggs  are  guarded 
by  both  parents,  and  the  young  are  protected  until  they  can 
care  for  themselves. 

The  birds  present  some  interesting  examples  of  care  of  the 
young.  Except  in  a few  cases,  such  as  the  cow  bird,  the 
parents  construct  some  kind  of  a nest  in  which  the  eggs  are 
deposited.  The  eggs  are  incubated  by  the  body  heat  of  the 
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father  and  mother,  who  often  take  turns  sitting  on  them. 
At  such  times  it  is  not  unusual  for  the  father  to  feed  the 
mother  as  she  sits  on  the  nest.  When  the  eggs  are  hatched, 
the  young  birds  are  fed  until  they  are  old  enough  to  leave 
the  nest  and  forage  for  themselves.  The  young  of  perching 
birds,  such  as  the  robin  and  bluebird,  are  naked  when  they 
are  hatched;  therefore  they  must  be  protected  from  cold,  the 


Fig.  165.  The  Canada  goose  sits  peacefully  on  her  nest  while  the 
gander  stands  guard.  Note  the  tufts  of  white  near  the  nest.  They 
are  bits  of  down  which  the  goose  plucked  from  her  breast  to  line  the 
nest.  (Lynwood  M.  Chace  photo.) 

sun’s  rays,  and  rain  until  they  feather  out.  Scratching  birds, 
like  the  quail  and  barnyard  fowl,  are  covered  with  down  when 
hatched  and  are  able  to  walk  and  run  soon  after  they  come 
out  of  the  shell. 

The  young  are  not  only  fed  and  covered,  but  the  parents 
protect  them  from  enemies  of  various  kinds.  Should  a hawk 
or  crow  come  near  the  nest  of  a purple  martin,  the  parents 
promptly  and  fearlessly  give  chase  to  the  larger  bird.  Many 
birds,  especially  those  that  have  several  young  in  their 
broods,  as  for  instance  the  chicken  hen,  have  certain  calls 
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for  calling  and  warning  their  young.  A slow  cluck  tells  them 
"all  is  well.”  A series  of  rapid  clucks  bids  them  come  for  a 
morsel  of  food,  while  a loud  crrrrr  sends  every  chick  scurry- 
ing to  a safe  hiding-place.  The  "language”  of  chickens, 
quails,  and  other  birds  is  a 
fascinating  study. 

Feigning  crippledness  is 
a unique  device  employed 
by  some  birds  in  protecting 
their  eggs  or  young.  Should 
a dog  or  other  animal  come 
too  near  the  nest  or  young 
of  a quail  or  snipe,  the 
mother  flutters  along  in 
front  of  the  marauder  in 
a seemingly  crippled  con- 
dition. In  following  the 
mother  with  a "broken 
wing,”  the  enemy  is  led 
some  distance  from  the 
precious  nest  or  fledglings,  when — whirrr — the  broken  wing 
is  healed  instantly,  and  the  dog  with  open  mouth  just  ready 
to  seize  his  prey  is  left  to  lick  his  hungry  chops. 

Suggested  Activity.  Collect  abandoned  nests,  and  examine 
the  materials  used  in  the  construction  of  the  nests.  Prepare  a 
careful  list  of  all  of  the  kinds  of  materials  used. 

Suggested  Activity.  Observe  robins  selecting  the  nesting  site. 

(a)  Do  both  birds  help  in  the  building  of  the  nest? 

( b ) What  materials  are  used? 

( c ) It  is  said  that  two  robins’  nests  are  never  placed  in  the  same 
tree.  Verify  or  disprove  this  statement. 

When  we  consider  the  group  of  animals  to  which  we  give 
the  name  "mammals,”  we  find  evidence  _of  still  more  care  and 
protection-SFTHe^O-U11^'  The  mother  rabbit,  for  example, 
about  the  time  for  the  birth  of  the  young,  digs  a hole  in  the 
ground  which  she  carefully  lines  with  grass.  To  this  she  adds 
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fur  plucked  from  her  body.  Into  this  soft,  warm  nest  she 
deposits  her  blind,  deaf,  and  hairless  young.  Manifestly 
these  young  rabbits  need  parental  care.  If  left  alone,  they 
would  die  of  starvation;  or  if  they  should  come  out  of  the 
nest,  they  would  fall  easy  prey  to  other  animals.  The  mother 
rabbit,  however,  covers  the  opening  to  the  nest  with  sticks 
and  grass  before  she  leaves  it.  When  it  is  dark,  she  ap- 


Fig.  167.  The  mother  raccoon,  like  the  cat,  carries  her  young  by  the 
nape  of  the  neck.  (Lynwood  M.  Chace  photo.) 

proaches  the  nest  cautiously  and  removes  the  covering.  She 
then  takes  the  young  rabbits  out  of  their  nest  and  nourishes 
them  with  milk  from  her  body.  When  they  get  a little  older, 
she  takes  them  with  her  to  choice  food  patches. 

Some  animals  apparently  teach  their  young.  The  cat  will 
cripple  a mouse  so  that  it  cannot  escape,  then  bring  it  to  her 
young.  The  kittens  practice  jumping  for  the  mouse  and  try 
their  teeth  and  claws  upon  it.  The  fox  takes  her  young 
when  she  goes  hunting,  and  the  young  foxes  learn  how  to 
capture  their  own  food.  As  far  as  we  know,  however,  the 
cat  and  fox  are  not  conscious  of  any  attempt  on  their  part 
to  teach  their  young.  It  is  purely  an  instinctive  reaction,  a 
tendency  which  they  have  inherited  from  the  many  genera- 
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tions  of  their  own  kind.  When  we  think  of  parental  care  in 
the  animals  below  man,  we  must  therefore  think  of  care  on 
the  level  of  instincts  rather  than  of  reason. 

All  of  us  are  familiar  with  the  care  which  our  own  parents 
take  of  us.  From  earliest  babyhood  they  provide  us  with 
food,  clothing,  and  shelter. 

They  care  for  us  when  we  are 
sick,  and  constantly  do  many 
things  to  keep  us  comfortable, 
well,  and  happy.  They  have 
not  only  provided  us  with  the 
materials  which  we  need  for 
our  existence ; they  also  have 
helped  to  teach  us  during  our 
long  period  of  youth  how  to 
get  along  in  the  world  and 
have  provided  schools  where- 
in we  may  learn  still  further 
to  become  independent,  use- 
ful citizens.  None  of  us  real- 
izes the  sacrifices  they  have 
made  that  we  may  receive  the 
best  that  life  offers. 

The  types  which  we  have 
chosen  from  the  animal  world  to  illustrate  the  provisions 
made  for  the  young  by  their  parents  indicate  clearly  that 
as  we  ascend  from  lower  to  higher  animals,  the  amount  of 
care  necessary  for  bringing  the  young  to  the  position  where 
they  can  care  for  themselves  increases.  We  see  that  the 
period  of  infancy  is  longer  in  the  higher  animals  than  in 
the  Tower  animals.  In  the  more  primitive  tribes  of  man- 
kind  the~period  of  infancy  is  much  shorter  than  in  advanced 
civilized  society.  Young  Eskimos  of  eight  or  ten  years  of  age 
will  get  into  a skin  boat  and  go  out  to  sea  on  a fishing  trip 
lasting  for  days.  Can  you  imagine  your  father  and  mother 
allowing  you  to  go  on  such  a trip?  The  life  which  prim- 


Fig.  168.  Young  opossums  are 
carried  on  the  mother’s  back  with 
their  tails  curled  around  hers. 
Their  balance  is  less  uncertain  than 
it  looks. 
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itive  people  live  is  close  to  nature — they  must  find  food  and 
provide  themselves  with  clothing  and  shelter.  The  Eskimo 
boys  and  girls  very  early  learn  to  do  these  things.  On  the 
other  hand,  earning  a living  in  a society  like  the  one  in 
which  we  live  is  a complicated  matter.  We  must  learn  to 
read  and  write,  and  must  fill  ourselves  with  the  experiences 
of  those  who  have  gone  before  us  if  we  are  to  take  our  proper 
places  in  the  world.  The  obligation  of  parents  to  their  young 
in  our  modern  civilization  is  to  provide  the  opportunities  for 
the  development  of  their  children  into  useful  citizens,  and  the 
obligation  of  the  children  is  that  of  making  as  good  use  of 
these  opportunities  as  they  are  capable. 

Self-testing  exercise  3.  In  this  problem  many  illustrations 
have  been  given  to  show  you  how  young  animals  are  aided  by  their 
parents. 

(a)  Prepare  a list  of  all  of  the  reasons  why  young  plants  and 
animals  need  to  be  helped  that  are  suggested  to  you  in  the  prob- 
lem, and  add  to  this  list  any  other  reasons  that  you  may  be  able 
to  think  of. 

( b ) Both  from  what  you  have  read  and  from  what  you  may 
otherwise  know,  prepare  a list  of  ways  in  which  animals  help 
their  young. 

(c)  Why  do  the  young  of  the  higher  animals  need  more  paren- 
tal care  than  those  of  the  lower  animals? 

Additional  Exercises 

1.  Distinguish  between  the  following  kinds  of  fruits:  pomes, 
berries,  pepos,  and  drupes. 

2.  Make  a list  of  the  structures  of  seeds  which  aid  in  their 
distribution  by  the  wind. 

3.  Make  a list  of  the  structures  of  seeds  which  aid  in  their 
distribution  by  animals. 

4.  Collect  different  kinds  of  flowers.  Make  drawings  to  show 
the  differences  in  the  arrangement  of  parts. 

5.  Make  a list  of  plants  that  are  ordinarily  propagated  by  bulbs, 
tubers,  rhizomes,  cuttings,  and  runners. 

■ 


UNIT  V 


HOW  ARE  LIVING  THINGS  FITTED  TO  THEIR 
SURROUNDINGS? 

Preliminary  Exercises 

1.  Make  a list  of  the  forms  of  energy,  the  forces,  and  the  ma- 
terials upon  which  living  things  depend. 

2.  Name  three  animals  living  in  the  frigid  and  three  in  the  tropic 
zones.  Contrast  them  as  to  structure  and  mode  of  living. 

3.  List  as  many  differences  as  you  can  between  animals  and 
plants  which  live  in  the  water  and  those  which  live  on  the  land. 

4.  Explain  why  you  and  a fish  could  not  trade  places. 

6.  Why  do  plants  found  in  deserts  differ  so  much  from  those 
found  in  fertile  valleys? 

6.  Choose  some  animal  and  show  how  it  is  adapted  or  fitted 
to  the  surroundings  in  which  it  lives. 

7.  How  have  scientists  been  able  to  discover  the  changes  which 
took  place  on  the  earth  before  man  appeared? 

8.  In  what  ways  has  man  disturbed  the  normal  balance  in 
nature? 

The  Story  of  Unit  V 

Everywhere  we  go,  we  find  living  things.  The  cold  regions 
of  the  far  north,  the  temperate  middle  regions,  and  the  hot 
countries  of  the  tropics  have  their  living  inhabitants.  And 
within  these  regions  we  find  deserts,  high  mountains,  valleys, 
plains,  oceans,  fresh  water  ponds,  rivers,  and  dark  caves. 
Each  of  these  types  of  homes  or  habitats  has  its  own  set  of 
living  conditions.  Some  offer  an  abundant  supply  of  water; 
others,  such  as  deserts,  are  known  for  their  lack  of  water. 
Long  hours  of  sunshine  and  high  temperature  throughout  the 
year  are  characteristic  of  tropical  lands,  while  the  opposite 
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is  true  of  the  regions  of  the  Antarctic.  Living  conditions  at 
the  surface  of  the  ocean  are  different  from  those  three  or 
four  miles  below  the  surface.  Living  conditions  on  the  sur- 
face of  the  soil  are 
different  from  those 
beneath  the  soil. 
The  earth  thus 
offers  a great  vari- 
ety of  habitats  for 
its  plants  and  ani- 
mals ; and  wher- 
ever the  habitat 
offers  the  necessary 
conditions  for  life, 
living  things  will 
be  found. 

You  would  nat- 
urally expect  that 
the  living  things 
which  dwell  within 
the  different  types 
of  habitats  would 
differ  somewhat 
from  each  other. 
You  would  not 
look  for  a fish  on 
dry  land  nor  for  a 
tiger  in  a deep  lake. 
A fish  is  so  con- 
structed that  it  can  live  in  water.  Its  body  is  shaped  along 
“streamlines”;  hence  it  can  more  easily  glide  through  water. 
It  has  structures  which  enable  it  to  remain  afloat  and  force 
its  way  through  the  water;  it  can  obtain  oxygen  and  food 
from  the  water.  A tiger  is  constructed  along  entirely  dif- 
ferent lines:  It  has  legs  with  which  to  propel  itself  over  the 
ground;  sharp  claws  and  teeth  with  which  to  catch  its  prey; 
and  lungs  for  obtaining  oxygen  from  the  air.  Its  habits, 


Fig.  169.  The  warm,  moist  tropical  rain  forests 
are  dense  with  vegetation  and  animal  life.  Note 
the  thick  stems  and  broad  leaves  of  the  plants  in 
this  picture.  (Underwood  and  Underwood  photo.) 
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because  of  its  structure,  are  different  from  those  of  the  fish. 
If  you  will  compare  two  living  things  dwelling  in  different 
kinds  of  habitats,  for  example,  a bird  and  an  earthworm,  you 
will  see  for  yourself  that  living  things  of  different  habitats 
have  different  char- 
acteristics. Why  this 
is  true  is  almost  self- 
evident.  The  fish 
could  not  trade  places 
with  the  tiger,  nor 
could  the  tiger  trade 
places  with  the  fish. 

Each  living  thing  is 
fitted  to  live  in  a 
certain  kind  of  habi- 
tat and  cannot  exist 
in  surroundings  to 
which  it  is  not  fit- 
ted. 

You  must  not  get 
the  idea  from  the 
preceding  paragraph 
that  living  things 
are  never  changed  or 
modified  during  the 
course  of  their  lives  so  that  they  become  better  fitted  to 
their  habitat.  Certain  plants,  for  example,  which  normally 
live  in  temperate,  moderately  moist  climates  produce  several 
extra  layers  of  cells  when  they  are  grown  in  warm,  dry  cli- 
mates. These  layers  of  cells  prevent  the  plant  from  losing 
its  water  by  evaporation.  Changes  in  structure  such  as  this 
are  responses  of  the  individual  plant  to  the  kind  of  habitat 
in  which  it  lives.  It  does  not  result  in  the  production  of 
an  entirely  different  type  of  structure;  it  results  in  a modi- 
fication of  the  structures  already  possessed.  These  changes 
in  structure  fit  the  individual  better  to  its  environment,  but 
they  are  not  passed  on  to  its  offspring.  That  offspring  in 


Fig.  170.  In  hot,  dry  regions  plant  life  is 
relatively  scarce,  and  develops  peculiar  struc- 
tures. Note  the  greatly  thickened  stems  and 
short,  bristle-like  leaves  of  these  cacti. 
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its  turn,  of  course,  may  make  a similar  adaptation  to  its 
environment. 

However,  in  this  unit  we  are  concerned  with  the  char- 
acteristics of  living  things  which  fit  them  to  their  environ- 
ment and  which  can  be  passed  on  to  the  next  generation. 
For  example,  the  egg  cell  which  is  produced  by  a fish  will 
develop  into  a fish.  The  egg  cell  of  a monkey  will  grow  into 
a monkey.  Each  of  these  animals  is  fitted  to  live  in  a cer- 


Fig.  171.  The  beaks  of  birds  show  great  variation  and  adaptation.  The 
beaks  of  seed-eaters  (grosbeak)  are  short  and  strong;  those  of  insect- 
eaters  (creeper,  flicker,  and  thrasher)  are  long  and  slender.  Birds  of 
prey  (buzzard  and  hawk)  have  strong,  hooked  beaks  for  seizing  and 
tearing  flesh.  The  crossbill’s  beak  is  used  for  nut-cracking  and  the 
rapid  extraction  of  seeds  from  fir  cones.  The  duck’s  flat,  broad  beak 
serves  as  a kind  of  scoop.  With  the  lower  mandible  of  his  beak  the 
skimmer  skims  up  small  fish  from  near  the  surface  of  the  water.  The 
sandpiper’s  long,  slender  bill  enables  him  to  dig  up  animal  life  from 
the  mud  and  sand. 

tain  kind  of  habitat.  The  fitness  of  a given  kind  of  living 
thing  to  live  in  a certain  kind  of  environment  is  thus  passed 
on  from  generation  to  generation.  Just  how  living  things 
have  become  fitted  to  their  environment  and  why  some  of 
the  living  things  which  exist  today  are  better  fitted  than  their 
ancestors  several  million  years  ago  are  matters  upon  which 
scientists  disagree.  All  scientists  agree,  however,  that  living 
things  are  fitted  to  their  environment  and  that  some  living 
things  are  changed  in  structure  and  form  when  they  are 
placed  in  different  kinds  of  habitats.  In  this  unit  we  shall 
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consider  some  of  the  ways  in  which  living  things  are  fitted 
to  their  environment. 

Perhaps  you  have  wondered  why  there  are  wild  elephants 
in  Africa  and  none  in  America,  or  why  there  are  whales  in 
the  ocean  and  none  in  the  Great  Lakes.  Every  part  of  the 
earth  has  certain 
plants  and  animals 
which  are  common 
to  that  region ; in 
some  cases  they  can 
be  found  nowhere 
else.  Other  regions 
which  offer  the  same 
set  of  life  conditions 
may  have  different 
forms  of  life.  Polar 
bears,  for  example, 
are  found  within  the 
Arctic  Circle,  but  not 
within  the  Antarctic 
Circle,  although  the 
life  conditions  of  the 
two  regions  are  simi- 
lar. And  strangely 
enough,  widely  sep- 
arated regions  some- 
times have  identical  plants  and  animals.  The  geographical 
distribution  of  plants  and  animals  presents  many  interesting 
problems  and  also  helps  us  to  interpret  the  conditions  in 
the  past  which  have  brought  this  distribution  about. 

Everybody  has  observed  the  unceasing  competition  for 
survival  among  living  things.  In  this  unit  we  shall  consider 
the  struggle  for  existence  from  a different  angle,  that  is,  in 
terms  of  the  fitness  of  the  living  thing  to  the  environment 
in  which  it  lives.  We  shall  see  that  life  did  not  always  exist 
in  the  forms  we  know  today,  and  that  fitness  to  the  environ- 
ment determines  the  types  of  organisms  which  shall  survive. 
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Problem  1:  How  Are  Living  Things  Fitted  to  Live 
in  Water? 

Study  Suggestion.  To  understand  how  living  things  are 
fitted  to  their  environment,  it  is  first  necessary  to  discover  the 
types  of  conditions  present  in  different  habitats.  Then  we  are  in  a 
position  to  discuss  just  how  living  things  are  fitted  to  live  amid  the 
particular  conditions  that  surround  them. 


Fig.  173.  Organisms  that  make  their  homes  in  water  are  adapted  in 
many  ways  to  securing  the  necessary  materials  for  life  from  their 
surroundings.  (Chicago  Academy  of  Sciences  photo.) 


What  conditions  are  present  in  a water  habitat  ? Living  in 
a water  habitat  is  quite  different  from  living  on  the  land. 
We,  as  well  as  the  other  land  animals,  are  accustomed  to  a 
solid  surface  which  serves  as  a support  to  our  bodies.  When 
we  place  our  foot  on  the  ground  and  transfer  our  weight  to 
that  foot,  we  know  that  the  earth  will  support  us.  How 
different  it  is  in  the  water!  If  we  go  into  the  water,  we  must 
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either  exert  our  energy  in  moving  our  hands  or  kicking  our 
feet  to  remain  on  top,  or  we  must  lie  horizontally  in  the 
water  and  float.  Man  could  not  live  in  the  water  perma- 
nently, because  he  could  not  swim  or  remain  afloat  forever. 
Soon  he  would  become  exhausted  or  would  fall  asleep,  and 
then  down  he  would  go.  As  soon 
as  he  got  his  nose  below  the  sur- 
face of  the  water,  he  would  be 
unable  to  get  oxygen,  and  that,  of 
course,  means  death.  It  is  evident, 
therefore,  that  an  animal  which 
lives  in  water  must  be  constructed 
differently  from  man  and  the  other 
land  animals.  To  discover  how 
living  things  are  fitted  to  dwell  in 
the  water,  we  shall  first  see  what 
living  conditions  are  provided  by 
the  water,  and  then  study  a few 
plants  and  animals  to  see  how 
they  are  fitted  to  these  conditions. 

Water,  as  you  know,  is  a liquid. 

It  differs  from  a solid,  such  as 
iron,  in  that  bodies  can  move 
through  it  by  simply  pushing  aside 
the  particles  which  compose  it. 

This  can,  of  course,  be  done  to  a 
limited  extent  in  loose  soil,  but  as  a rule,  an  animal  moving 
through  soil  must  -clear  away  the  soil  in  front  of  it  in  some 
manner  before  it  can  move  its  body  forward.  Water  is  simi- 
lar to  air  in  that  objects  can  pass  through  it  with  ease;  the 
particles  of  air,  however,  can  be  pushed  aside  much  more 
easily  than  those  of  water.  Water  is  also  similar  to  air  in 
that  objects  which  are  placed  in  it  are  totally  surrounded  by 
it  and  in  close  contact  with  it.  Air  touches  every  portion 
of  the  external  surface  of  our  body;  water  does  the  same 
for  living  things  which  live  in  it. 


Fig.  174.  Although  the  enor- 
mous sponge  on  the  boy’s 
head  could  not  move  about 
in  search  of  food,  it  grew  to 
this  great  size. 
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There  is,  however,  an  important  difference  between  air  and 
water.  Water  contains  all  the  food  materials  necessary  to 
maintain  life;  air  does  not.  These  food  materials  in  the 
water  may  be  the  raw  materials  from  which  plants  manu- 
facture food,  or  they  may  be  manufactured  foods  present  in 

the  bodies  of  living  things 
or  their  dead  bodies.  One 
result  of  this  difference  is 
seen  in  the  many  forms  of 
sea  animals  which  are  at- 
tached to  rocks  or  weeds 
or  which  simply  float  in 
the  water.  It  is  not  neces- 
sary for  these  animals  to 
move  about  looking  for 
food;  the  food  will  come 
to  them.  The  air,  on  the 
other  hand,  while  it  con- 
tains a few  insects  and 
birds,  is  not  populated  so 
densely  that  an  animal  can  get  enough  food  from  the  air 
which  is  in  contact  with  its  body. 

Water  contains  many  different  kinds  of  materials,  varying, 
of  course,  in  different  places.  Both  fresh  and  salt  water 
contain  dissolved  minerals.  The  amount  of  mineral  varies 
from  fifty  to  eighty  parts  per  million  in  some  fresh  water 
ponds  to  35,000  parts  per  million  in  the  ocean.  Water  plants 
are  thus  surrounded  with  the  minerals  necessary  to  manu- 
facture food.  In  addition  to  these  dissolved  minerals,  there 
are  many  finely  divided  materials  which  are  suspended  in 
the  water.  Most  of  our  rivers  contain  such  quantities  of 
these  suspended  materials  that  you  can  see  only  a few  inches 
down  into  their  depths.  These  suspended  materials  may  be 
organic  or  inorganic;  that  is,  they  may  consist  of  particles 
of  once  living  things  or  of  undissolved  minerals.  The 
suspended  inorganic  materials  are  of  no  value  to  the  living 
things.  The  suspended  organic  material,  however,  decays 


Fig.  175.  A sea-anemone,  a curious, 
flower-like,  water  creature  incapable  of 
moving  from  place  to  place.  (L.  W. 
Brownell  photo.) 
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and  is  changed  to  materials  which  will  dissolve  in  the  water; 
these  materials  are  then  available  for  food  manufacture. 
Water  also  contains  the  gases  of  the  air  in  solution,  that  is, 
nitrogen,  oxygen,  and  carbon  dioxide.  Plants  living  in  the 
water  are  thus  surrounded  with  all  of  the  raw  materials 
necessary  for  the  manufacture 
of  food.  You  would,  therefore, 
expect  the  structure  of  plants 
living  in  water  to  be  different 
from  those  living  in  air.  We  shall 
see  later  whether  this  is  true. 

We  come  now  to  a charac- 
teristic of  water  which  is  of 
utmost  importance  in  its  effect 
upon  the  structure  of  the  living 
things  which  make  water  their 
home.  Water  exerts  a lifting 
force  upon  objects  which  are 
placed  in  it.  You  probably 
have  noticed  this  effect  your- 
self. If  you  have  ever  rested 
the  weight  of  your  body  on  your  hands  when  you  were  in 
the  water,  you  have  observed  that  you  can  support  or  lift 
your  body  much  more  easily  than  you  can  in  air.  That 
water  does  exert  a lifting  force  can  be  demonstrated. 

Experiment  37.  Do  objects  weigh  as  much  in  water  as  they  do 
in  air?  (a)  Obtain  an  ordinary  pair  of  draw  scales;  tie  a cord  around 
a stone  as  large  as  or  larger  than  your  fist.  Weigh  the  stone  and 
record  its  weight.  Now  obtain  a jar  large  enough  to  allow  the  stone 
to  be  lowered  into  it.  Fill  the  jar  half  full  of  water  and  lower  the 
stone  into  it  until  it  is  completely  submerged.  Note  the  weight  of  the 
stone.  Compare  the  weight  of  the  stone  in  air  with  its  weight 
in  water.  What  is  your  conclusion? 

( b ) This  experiment  can  be  carried  out  in  a more  exact  manner 
by  using  laboratory  scales.  One  of  the  scale  pans  should  be  re- 
moved, and  the  scales  should  be  balanced  by  a weight  which  is 
equal  to  the  weight  of  the  scale  pan.  The  directions  given  in  (a) 
should  then  be  followed  (Figure  176). 


Fig.  176. 
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The  experiment  just  performed  shows  that  objects  lose 
weight  when  submerged  in  water.  How  much  weight  is  lost 
is  shown  by  the  following  experiment. 

Experiment  38.  How  much  weight  is  lost  by  an  object  sub- 
merged in  water?  ( a ) Obtain  a beaker  or  jar  large  enough  to  allow 
the  stone  (used  in  Experiment  37)  to  be  lowered  into  it.  Place  the 
jar  in  a large  pan.  Fill  the  jar  to  the  brim  with  water  and  then 
carefully  lower  the  stone  into  the  water  until  it  is  completely  sub- 
merged. The  stone  will  displace,  that  is,  push  out,  some  of  the 
water  in  the  jar.  Weigh  the  water  which  overflows  in  the  pan. 
(Since  one  cubic  centimetre  of  water  weighs  one  gram,  the  weight  of 
the  water  can  be  determined  by  measuring  the  number  of  cubic 
centimetres  of  water  with  a graduate.  The  number  of  cubic  centi- 
metres is  equal  to  the  number  of  grams  which  the  water  weighs.) 

( b ) Compare  the  weight  of  the  water  displaced  by  the  stone 
with  the  loss  of  weight  of  the  stone  in  water.  (Use  the  results 
obtained  in  Experiment  37.) 

The  experiment  indicates  that  the  lifting  or  buoyant 
force  of  the  water  is  equal  to  the  weight  of  the  water  displaced. 
That  is,  if  a block  of  lead  lOx  lOx  10  centimetres  were  placed 
in  water,  it  would  displace  1000  cubic  centimetres  of  water, 
and  the  lifting  effect  of  water  would  be  1000  grams.  Lead, 
however,  weighs  11.3  grams  per  cubic  centimetre;  the  total 
weight  of  the  block  would,  therefore,  be  11,300  grams.  The 
water  would  exert  a lifting  force  of  1000  grams;  so  the  weight 
of  the  block  in  water  would  be  10,300  grams.  The  block 
would  sink,  therefore,  because  the  lifting  effect  of  the  water 
would  be  less  than  the  weight  of  the  block  in  water.  All 
objects,  however,  do  not  sink  when  placed  on  the  surface  of 
the  water,  as  shown  by  the  next  experiment. 

Experiment  39.  Why  do  some  objects  sink  and  other  objects 
float?  (a)  Obtain  a piece  of  lead  foil  or  heavy  tin  foil.  Make 
a little  boat  of  this  material  and  place  it  on  the  water.  Does  it 
float  or  sink? 

(6)  Roll  the  material  used  to  make  the  boat  into  a small  ball 
and  place  it  upon  the  surface  of  the  water.  Does  it  sink  or  float? 
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It  is  evident  from  the  experiment  that  the  shape  of  an 
object  is  one  factor  which  determines  whether  it  will  float 
or  sink.  When  the  lead  foil  was  in  the  shape  of  a boat,  it 
floated  because  it  was  able  to  displace  a quantity  of  water 
equal  to  its  weight.  When  rolled 
into  a ball,  the  foil  sank  because 
its  small  volume  did  not  dis- 
place a quantity  of  water  equal 
in  weight  to  the  ball.  In  other 
words,  if  the  average  weight  of 
a cubic  centimetre  of  a material 
is  greater  than  the  weight  of  a 
cubic  centimetre  of  water,  it 
will  sink;  if  the  average  weight 
of  a cubic  centimetre  of  ma- 
terial is  less  than  the  weight  of 
a cubic  centimetre  of  water,  it 
will  float.  For  example,  oak 
wood  weighs  .8  gram  per  cubic 
centimetre.  It  will,  therefore, 
float.  (Four-fifths  of  the  ma- 
terial will  be  below  the  surface  of  the  water,  and  one-fifth 
above  the  surface.  Can  you  explain  this?) 

Since  water  is  practically  incompressible,  the  weight  of 
the  water  displaced  by  an  object  is  nearly  the  same  at  any 
depth.  Objects  will,  therefore,  float  or  sink  to  the  bottom. 
Animals  or  plants  must  not  weigh  more  than  the  weight  of 
the  water  which  they  can  displace,  or  they  will  sink  unless 
they  keep  themselves  up  by  swimming.  Fitness  to  a water 
habitat,  therefore,  requires  a body  which  can  be  prevented 
from  sinking  to  the  bottom. 

Within  a body  of  water  there  are  also  many  kinds  of  living 
conditions.  The  surface  of  the  water  is  in  contact  with  the 
air  and  is  warmed  or  cooled  by  it.  Since  water  is  a poor 
conductor  of  heat,  this  heat  is  not  conducted  to  any  great 
depth  beneath  the  surface.  In  deep  lakes  the  temperature 


Fig.  177.  In  spite  of  the  peculiar 
structure  and  bony  armor  of  the 
sea  horse,  it  is  able  to  keep 
afloat  by  means  of  a gas-filled 
bladder;  if  some  of  the  gas 
escapes,  it  sinks  helplessly  to  the 
bottom.  (Chicago  Academy  of 
Sciences  photo.) 
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of  the  water  at  the  bottom  remains  at  4°  C.  throughout  the 
entire  year.  In  the  ocean  the  temperature  of  the  water 
below  600  feet  never  varies.  At  600  feet  the  temperature 
is  always  16°  C.;  at  3000  feet  it  is  always  4.5°C.,  and  at 
12,000  feet  the  temperature  is  only  1.8°  C.  Contrast  this 

with  land  conditions.  On 
land  we  must  travel  thou- 
sands of  miles  north  or 
south  of  the  equator  in 
order  to  find  the  great  dif- 
ferences in  temperature 
which  are  found  in  water 
in  only  a few  thousand  feet. 

Probably  more  impor- 
tant than  temperature  is 
the  difference  in  the  pres- 
sure of  the  water  at  differ- 
ent levels.  Water  is  fairly 
heavy,  one  cubic  foot 
weighing  62.4  pounds.  A column  of  water  one  foot  high  and 
one  square  inch  in  cross  section  weighs  .434  pounds.  Since 
the  pressure  of  water  is  transmitted  in  every  direction  with- 
in it,  this  means  that  if  one  were  to  descend  100  feet  into 
the  water,  the  water  would  exert  a pressure  of  43.4  pounds 
on  every  square  inch  of  his  body.  Native  pearl  divers  have 
been  able  to  work  at  a depth  of  sixty-five  feet  for  a short 
time.  To  descend  farther,  man  must  use  a diving  suit. 
Living  creatures  have  been  found,  however,  at  a depth  of 
four  miles.  At  this  depth  the  pressure  is  about  10,000 
pounds  per  square  inch.  Evidently  animals  living  at  this 
depth  must  have  a structure  which  fits  them  to  this  particu- 
lar condition. 

And,  finally,  there  is  the  great  variation  of  light  conditions 
in  the  water.  Light  is  absorbed  by  the  water;  so  the  deeper 
one  goes,  the  darker  it  becomes.  At  300  feet  the  water  is 
absolutely  dark  and  remains  so  through  all  the  miles  of  water 


Fig.  178.  This  ferocious-looking  drag- 
onfish,  only  a foot  in  length,  is  fitted 
to  live  under  deep-sea  conditions:  cold, 
darkness,  and  great  pressure. 
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to  the  bottom.  Since  light  is  necessary  for  the  growth  of 
green  plants,  it  is  evident  that  no  plant  life  is  found  at  this 
depth.  Indeed,  experiments  have  shown  that  the  great 
majority  of  water  plants  live  in  the  upper  sixty  feet  of  water. 
How  animals  are  fitted  to  live  in  darkness  is  one  of  the  most 
interesting  examples  of  adaptation. 

The  foregoing  paragraphs  have  presented  the  conditions 
which  are  present  in  a water  habitat.  We  have  now  to 
examine  some  of  the  inhabitants  of  the  water  to  see  how 
they  are  fitted  to  the  conditions  which  are  present. 

How  are  plants  fitted  to  live  in  water?  All  protoplasm  is 
somewhat  heavier  than  an  equal  volume  of  water.  As  you 
have  already  learned,  this  means  that  it  will  tend  to  sink 
to  the  bottom.  Since  this  is  true,  how  then  can  living  things 
float?  If  they  were  composed  of  protoplasm  alone,  they  could 
not.  Examination  of  these  floating  organisms  shows  that 
many  of  them  store  fats  and  oils  in  their  bodies.  These 
materials  are  lighter  than  water — as  you  can  determine 
for  yourself  if  you  will  put  a little  butter  or  olive  oil  in  a 
glass  of  water.  The  storage  of  these  materials  by  a living 
thing  cuts  down  the  average  weight  of  the  body  to  the  point 
where  it  weighs  approximately  the  same  as  the  water  it  dis- 
places; hence,  the  body  floats.  Furthermore,  gases  given 
off  during  the  process  of  digestion  and  assimilation  of  food 
are  distributed  throughout  the  body  of  the  living  thing.  These 
help  to  reduce  its  average  weight  below  that  of  an  equal 
volume  of  water. 

Some  living  things  have  a sort  of  gelatinous  membrane 
which  surrounds  the  body  and  increases  its  bulk  so  that  it 
can  displace  more  water.  Others  have  extended  parts  of 
their  body  to  provide  more  surface  area.  Still  others,  like 
some  of  the  fishes,  store  gases  in  a bladder,  which  helps  them 
to  float  in  the  same  manner  as  the  water-wings  used  by 
beginning  swimmers.  In  general,  the  methods  above,  or 
combinations  of  these  methods,  are  found  in  all  living  things 
which  make  water  their  home. 
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Suppose  we  turn  first  to  a consideration  of  the  plants 
which  are  found  in  water.  Plants  living  in  water  are  called 
hydrophytes.  The  surface  water  of  the  sea  is  fairly  swarm- 
ing with  billions  of  microscopic 
plants.  An  analysis  of  one  quart 
of  water  in  Kiel  Bay,  Germany, 
showed  the  presence  of  6,336,000 
diatoms  (Figure  179).  It  is  these 
diatoms  and  other  plants  like  them 
that  manufacture  most  of  the 
food  required  for  all  of  the  crea- 
tures of  the  sea.  They  supply 
the  food  for  microscopic  animals 
which  are  in  turn  devoured  by 
slightly  larger  animals;  these  are  eaten  by  larger  animals,  and 
so  on.  These  plants  float  easily  because  of  their  microscopic 
size;  hence,  they  are  well  adapted  to  a life  in  the  water. 

In  addition  to  the  tiny  green  plants  there  are  countless 
other  green  plants  which  live  in  the  open  waters.  They  are 
fitted  to  the  water  habitat  in  certain  definite  ways.  Many 
of  them  have  neither  roots 
which  penetrate  into  the  soil 
nor  strong  stems  to  support 
their  weight.  They  therefore 
must  be  adapted  to  floating. 

Figure  180  shows  one  of  the 
lilies  which  grows  in  the 
tropics.  Note  the  large  leaves 
which  are  turned  up  at  the 
sides.  These  leaves  not  only 
support  the  weight  of  the 
plant,  but  large  birds  may 
frequently  be  found  using 
the  leaves  as  a resting-place.  The  water  hyacinth,  shown  in 
Figure  181,  has  a different  type  of  adaptation  for  floating. 
Notice  the  leaves  which  are  swollen  into  the  form  of  a bladder. 


Fig.  179.  Barrel  diatoms, 
highly  magnified.  (Field  Mu- 
seum photo.) 
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These  bladder-like  structures  are  filled  with  a spongy  ma- 
terial which  contains  air.  They  thus  serve  as  a buoy  for 
the  plant. 

In  addition  to  devices  for  flotation,  water  plants  have 
other  characteristics  which  fit  them  to  a water  habitat. 
Examination  of  their  roots 
shows  that  the  outer  layers 
of  the  roots  do  not  thicken 
as  they  do  in  land  plants; 
hence,  water  and  minerals 
may  be  absorbed  by  the  en- 
tire length  of  the  root.  Some 
water  plants  do  not  have 
roots  at  all;  they  absorb  ma- 
terials directly  through  their 
leaves.  This  is  possible  be- 
cause the  leaves  of  water 
plants  have  but  a very  thin 
epidermis  as  compared  to  land 
plants.  A thick  epidermis  is 
not  needed  by  water  plants, 
because  they  are  not  in  danger 
of  losing  water  by  evaporation.  The  leaves  of  water  plants 
are  usually  much  divided;  thus  they  provide  more  surface. 
This  is  necessary  because  the  water  absorbs  much  of  the 
light,  and  greater  surface  is  needed  in  order  to  catch  what 
little  light  there  is.  Note  Figure  182  and  observe  the  differ- 
ence between  the  leaves  which  are  under  water  and  those 
which  are  above  the  surface. 

Another  characteristic  of  water  plants  is  observed  in  the 
weakness  of  the  stems.  The  water  buoys  the  plant  up;  so 
strong  stems  are  not  needed  for  support.  Many  more  ex- 
amples of  how  plants  are  fitted  to  a water  habitat  could  be 
given.  You  will  find  it  interesting  to  discover  some  of  the 
ways  for  yourself.  A comparison  of  these  plants  with  soil 
plants  will  help  you  locate  these  adaptations. 


Fig.  181.  A water  hyacinth.  (Field 
Museum  photo.) 
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Suggested  Activity.  If  you  can  visit  a pond  or  stream, 
find  different  kinds  of  water  plants  and  determine  what  structures 
they  have  that  enable  them  to  float. 

How  are  animals  fitted  to  live  in  water?  Now  let  us  turn 
to  animals  to  see  how  some  of  them  are  fitted  to  a water 

habitat.  We  shall  first 
consider  the  jellyfish 
(Figure  183).  It,  as  the 
picture  shows,  is  adapt- 
ed by  its  structure  to  a 
life  of  floating  and 
drifting.  As  a matter 
of  fact,  the  animal  is 
practically  all  water;  it 
has  no  skeleton  of  any 
kind  and  collapses  al- 
most into  nothingness 
if  brought  out  on  dry 
land.  Yet  this  animal 
sometimes  grows  quite 
large.  Louis  Agassiz,  a 
great  American  biolo- 
gist, found  one  in  which 
the  bell  was  seven  and 
one-half  feet  across  and 
the  tentacles  more  than 
one  hundred  twenty  feet  in  length.  An  animal  of  this  size 
could  not  exist  on  the  earth  if  it  were  dependent  upon 
the  food  which  was  brought  to  it  or  which  came  within  its 
reach.  The  development  of  such  an  animal  could  be  pos- 
sible only  in  a water  habitat.  Here,  every  part  of  the  sur- 
face of  the  animal  comes  in  contact  with  the  food-bearing 
water. 

Of  the  active  creatures  of  the  sea  the  fish  is  most  success- 
fully fitted  to  rapid  locomotion.  It  does  not  depend  entirely 
upon  its  ability  to  float  to  prevent  it  from  sinking;  it  depends 


Fig.  182.  Notice  the  many  finely  divided 
leaves  covering  the  slender  stems  of  the 
plants  under  water.  (Chicago  Academy  of 
Sciences  photo.) 


ADAPTATION  TO  ENVIRONMENT 


207 


upon  the  swimming  movements  of  its  body.  Its  body  is  of 
the  familiar  “streamline”  form,  narrowed  toward  each  end,  but 
sloping  more  gradually  near  the  rear  end.  The  strong  tail  fin 
provides  the  greater  part  of 
its  driving  power.  As  its  head 
is  pushed  against  the  water,  the 
water  is  forced  aside,  and  then 
returns  to  its  place.  As  it  re- 
turns, it  presses  against  the 
sloping  rearward  part  of  the 
body  and  pushes  the  fish  for- 
ward. Most  of  the  force  required 
to  push  aside  the  water  is  thus 
not  lost,  because  the  water 
returns  the  force  when  it  flows 
back  into  place. 

Some  fish  have  an  enclosed 
gas  bladder  which  they  can  in- 
crease or  decrease  in  size  and 
thus  regulate  their  buoyancy  ac- 
cording to  the  water  in  which 
they  are  swimming.  This  re- 
lieves them  of  the  necessity  of 
using  so  much  energy  to  remain 
afloat.  Like  other  animals  which 
make  water  their  home,  fish  are 
equipped  with  gills  which  en- 
able them  to  obtain  the  oxygen 
that  is  dissolved  in  the  water. 

Suggested  Activity.  Visit  a pond  or  stream  and  with  the 
aid  of  a dip  net  capture  some  small  water  animals.  Bring  them 
to  the  laboratory  and  study  them  to  determine  how  they  are 
adapted  to  a water  habitat. 


Fig.  183.  The  jellyfish  uses  its 
tentacles  to  draw  food  to  its 
mouth,  which  is  the  tubular  pro- 
jection beneath  its  body.  (Roy 
Pinney  photo.) 


Deep  down  in  the  sea,  where  absolute  darkness  prevails, 
where  the  pressure  is  thousands  of  pounds  per  square  inch, 
and  where  the  temperature  is  near  the  freezing  point  all 
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year  round,  live  creatures  which  are  strange  to  behold.  Un- 
like the  fish  of  the  upper  levels,  these  creatures  are  dependent 
for  food  upon  the  dead  bodies  of  plants  and  animals  which 
sink  slowly  through  the  water.  Since  food  is  available  only 
at  infrequent  intervals,  you  would  not  expect  to  find  in  this 
environment  fish  of  any  great  size.  Such  is  the  case;  for  these 
deep-sea  fish  are  rarely  over  a foot  in  length. 


Fig.  184.  Two  denizens  of  the  deep:  a large-eyed  hatchetfish  and  a 
dragonfish  with  large  jaws,  sharp  teeth,  and  rows  of  phosphorescent 
organs  along  its  sides.  Man  has  not  yet  been  able  to  discover  the 
value  to  the  fish  of  the  extremely  long  barbel  attached  to  its  chin. 

These  inhabitants  of  the  deepest  waters  differ  from  those 
of  the  upper  waters  in  two  noticeable  ways  (Figure  184). 
Most  of  them  are  equipped  with  jaws  which  are  entirely  out 
of  proportion  to  the  rest  of  their  body.  These  jaws  enable 
them  to  grasp  the  large  bodies  which  sink  slowly  from  above. 
More  interesting  than  the  jaws,  however,  are  their  phos- 
phorescent organs.  Scientists  do  not  know  how  or  why  these 
have  developed  so  greatly  in  the  deep-sea  animals.  It  is 
probable,  however,  that  they  are  of  definite  advantage  to 
their  possessors.  Some  of  these  organs  are  like  the  head 
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lights  on  an  automobile  and  enable  the  animal  to  find  its 
way  about  and  discover  food.  Others  occur  in  strange  pat- 
terns over  the  animal’s  body  and  apparently  serve  as  marks 
of  recognition  to  others  of  the  same  species.  Still  others 
are  thought  to  act  as  lures,  as  in  some  of  the  deep-sea  anglers. 
These  animals  are  blind,  and  the  phosphorescent  organs  are 
simply  bait  to  lure  inquisitive  fishes  within  reach. 

As  would  be  expected,  the  eyes  of  deep-sea  fish  are  usually 
very  large,  so  that  they  may  catch  the  few  rays  of  light  given 
off  by  themselves  and  other  living  inhabitants  of  the  deep. 
In  some  species,  however,  the  eyes  have  degenerated,  and 
the  animal  is  blind.  These  animals  have  usually  developed 
the  organs  of  touch  to  a much  higher  degree  than  their 
surface  relatives. 

You  have  probably  heard  that  deep-sea  fish  explode  when 
brought  to  the  surface.  This  is  true  for  those  fish  which  have 
enclosed  gas  bladders,  particularly  when  they  are  brought 
to  the  surface  rapidly.  You  may  have  had  an  experience 
somewhat  similar  to  this  if  you  have  ascended  a high  moun- 
tain. The  pressure  of  the  gases  in  your  blood  is  the  same  as 
that  of  the  air  around  you.  If  you  ascend  a high  mountain 
quickly,  the  pressure  of  the  gases  in  the  blood  does  not  have 
time  to  become  adjusted  to  the  lower  pressure  outside.  The 
pressure  of  the  gases  in  the  blood  is  often  so  much  greater 
than  the  air  pressure  on  the  outside  that  it  forces  the  blood 
out  of  the  blood  vessels,  resulting  in  a nose  bleed.  If  one, 
however,  remains  in  a region  of  low  air  pressure  for  a time, 
the  pressure  inside  of  the  body  gradually  adjusts  itself  to 
that  outside  of  the  body,  and  no  discomfort  is  felt.  Deep- 
sea  fish  suffer  no  discomfort  from  the  great  pressure,  because 
the  pressure  is  the  same  inside  of  their  bodies.  Many  of 
the  deep-sea  fish  do  not  have  enclosed  gas  bladders  and  can, 
therefore,  be  brought  to  the  surface  without  exploding.  Most 
of  them  are  dead  when  they  reach  the  surface,  but  this  is 
thought  to  be  due  to  the  great  difference  in  temperature, 
rather  than  to  the  difference  in  pressure. 
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Alligators,  members  of  the  great  group  of  reptiles,  are  also 
adapted  to  a water  habitat.  Biologists  tell  us  that  the  reptiles 
were  the  first  animals  to  be  successful  in  colonizing  the 
dry  land.  The  alligator  is  thus  a descendant  of  a land-living 
animal.  It  has,  however,  returned  to  the  water  to  live.  It 
is  well  adapted  to  live  in  this  environment.  The  armor  of 
scales  upon  its  back  protects  it  from  its  enemies  and  makes 
the  animal  almost  invisible  as  it  lies  in  the  water  or  on  a 
grassy  bank.  Only  its  eyes  and  nostrils  are  out  of  the  water 


Fig.  185.  Crocodiles,  like  alligators,  have  structures  which  adapt 
them  to  their  water  habitat.  (Herbert  photo.) 

as  it  swims  or  floats  in  the  water.  Its  tail  is  an  excellent 
propeller,  enabling  it  to  swim  faster  than  a man  can  paddle 
a canoe.  It  can  keep  its  mouth  open  under  water  without 
allowing  water  to  enter  its  lungs,  because  it  is  provided  with 
membranes  on  the  inside  of  its  mouth  which  can  close  the 
passage  to  the  lungs.  It  is,  therefore,  able  to  seize  other 
animals  and  hold  them  below  the  surface  until  they  drown. 
The  hippopotamus  and  the  whale  are  also  descended  from 
land  animals,  but  they  have  returned  to  the  water  to  live. 

The  few  examples  which  have  been  given  show  the  general 
types  of  fitness  to  a water  habitat.  The  story,  however,  is 
just  begun.  You  will  find  it  interesting  to  observe  or  read 
about  water-bugs,  frogs,  crayfish,  whales,  seals,  beavers, 
hippopotami,  and  other  animals  living  in  water  to  discover 
how  they  are  adapted  to  their  environment. 
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Self-testing  exercise  1.  Turn  to  the  self-testing  exercise  for 
Problem  2 on  page  222.  Make  a table  like  the  one  shown  there, 
and  fill  out  that  part  of  the  table  which  is  concerned  with  a water 
habitat.  Save  your  table  to  be  completed  in  Self-testing  Exercise  2. 

Problem  2:  How  Are  Living  Things  Fitted  to  Live 
on  Land? 

Study  Suggestion.  As  you  read  the  material  presented  in 
this  problem,  try  to  find  the  special  kinds  of  conditions  present  in 
a land  habitat.  Then,  before  you  study  about  the  types  of  adapta- 
tions, make  a list  of  those  types  of  adaptation  that  are  necessary. 
Compare  your  list  with  those  given  in  the  examples. 

If  it  were  possible  for  man  to  see  all  those  events  which 
have  happened  in  the  history  of  the  world,  he  would  witness 
strange  sights  indeed.  If  he  went  back  far  enough  in  the 
history  of  the  earth,  he  would  find  a time  when  the  land 
surface  was  barren  of  living  inhabitants.  For  millions  and 
millions  of  years  before  the  first  land  form  was  developed, 
life  existed  in  the  water.  Before  the  dry  land  could  be  colo- 
nized, living  things  had  to  develop  a structure  that  would 
make  it  possible  for  them  to  exist  under  the  conditions  which 
are  present  in  this  type  of  habitat. 

We  have  already  learned  about  the  conditions  present  in 
a water  habitat  and  the  structures  which  fit  living  things 
to  this  environment.  Now  let  us  consider  the  conditions 
present  in  a land  habitat,  and  the  types  of  structure  neces- 
sary for  living  things  to  make  their  home  upon  the  soil. 

What  conditions  are  present  in  a land  habitat?  A land 
habitat  differs  from  a water  habitat  in  several  important 
particulars.  In  the  first  place,  a living  thing  is  surrounded 
by  air  instead  of  by  water.  Since  air  has  different  properties 
from  water,  a new  set  of  conditions  prevails.  Let  us  first 
see  what  the  properties  of  air  are. 

Air,  as  you  know,  is  a mixture  of  certain  gases.  When 
damp  objects  or  water  are  placed  in  air,  the  water  evaporates; 
that  is,  it  changes  to  a gas  and  passes  into  the  air.  Except 
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on  very  humid  days  or  during  a rain,  the  water  is  thus  con- 
stantly evaporating  from  moist  surfaces.  This,  as  you  shall 
see,  has  an  important  effect  upon  the  structure  of  living  things. 
Practically  every  day  there  is  a marked  change  in  the  temper- 
ature of  the  air.  During 
the  day,  while  the  sun  is 
shining,  the  temperature 
rises,  and  during  the  night 
the  temperature  falls. 
There  is  also  a marked 
difference  in  temperatures 
at  different  seasons  of  the 
yeari  These  changes  in 
temperature  are  much 
greater  than  those  which 
take  place  in  water.  Let 
us  next  consider  the  lifting 
effect  of  air.  While  it  is 
true  that  air  buoys  up  ob- 
jects in  the  same  manner 
as  water,  the  lifting  effect 
is  very  small  as  compared 
with  water.  This  is  true 
because  air  weighs  very 
little  (it  takes  about  twelve 
cubic  feet  of  air  to  weigh  a pound) ; and  since  the  lifting  effect 
is  determined  by  the  weight  of  the  air  displaced,  most  objects 
are  buoyed  up  but  little.  They  weigh  much  more  than 
the  air  they  displace.  Finally,  as  you  know,  air  does  not 
contain  all  the  raw  materials  needed  for  the  manufacture  of 
foods.  A comparison  of  water  and  air  as  surrounding  me- 
diums thus  indicates  important  differences  in  the  types  of 
conditions  presented  by  these  two  environments. 

The  other  important  feature  of  a land  habitat  is  the  soil. 
The  soil  also  has  certain  properties  which  are  unlike  those 
of  water.  The  soil  presents  a more  or  less  solid  surface  upon 


Fig.  186.  When  you  imagine  what  this 
bit  of  woodland  looks  like  in  spring 
and  summer,  you  can  realize  how  living 
things  must  adapt  themselves  to  great 
extremes  of  heat  and  cold,  moisture 
and  dryness.  Note  also  that  these  rab- 
bits are  almost  invisible  to  an  enemy. 
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which  the  animal  rests.  Locomotion  is  accomplished  by 
pushing  against  the  soil  with  the  part  of  the  body  in  contact 
with  it.  The  entire  weight  of  the  body  must  therefore  be 
supported,  and  sufficient  force  must  be  exerted  to  move  this 
weight.  Like  the  water,  the  soil 
is  a source  of  raw  materials  for 
the  plant,  with  the  important 
difference  that  these  raw  ma- 
terials are  not  brought  to  the 
plant  as  they  are  in  water;  the 
plant  must  go  after  them.  Soils, 
of  course,  differ  in  composition, 
in  their  ability  to  hold  water, 
and  in  many  other  respects. 

These  differences  and  their 
effect  upon  plant  life  we  shall 
consider  in  Unit  VII. 

How  are  land  plants  adapted 
to  their  surroundings  ? And  now 
let  us  see  how  plants  are  fitted 
to  live  on  land.  We  find  one 
noticeable  characteristic  of  land 
plants  in  the  structures  which  prevent  the  loss  of  water 
from  their  tissues.  Evaporation  of  water  is  constantly  going 
on  from  plants.  It  has  been  estimated  that  a field  of  corn 
gives  off  enough  water  in  a single  growing  season  to  cover 
the  land  upon  which  the  corn  is  grown  to  a depth  of 
seven  inches.  Some  loss  of  water  cannot  be  prevented, 
but  if  more  water  is  lost  than  is  taken  in,  the  plant  will 
wilt  and  die. 

If  you  examine  the  epidermis  of  a leaf  you  will  note  the 
presence  of  a fatty  material  called  cutin.  This  cutin  serves 
as  a kind  of  water-proofing  for  the  leaf  and  limits  the  loss  of 
water  from  leaves  to  that  which  comes  through  the  stomata. 
Cutin  is  present  in  most  plants  living  in  dry  climates  and 
also  to  some  extent  in  plants  of  the  moist  temperate  regions. 


Fig.  187.  An  oak  leaf  covered 
with  hairs  which  help  prevent 
the  rapid  loss  of  moisture. 
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Submerged  water  plants,  on  the  other  hand,  do  not  possess 
cutin.  (You  will  recall  that  in  many  water  plants  the  epider- 
mis is  very  thin,  and  water  and  other  materials  may  be  ab- 
sorbed by  all  parts  of  the  leaf.)  Many  leaves,  such  as  those  of 

the  agave  (one  of  the  century 
plants),  are  covered  with  a layer 
of  wax;  others,  such  as  those 
of  the  creosote  bush,  a desert 
plant,  with  resin.  These  mate- 
rials make  the  epidermis  water- 
tight (except  for  the  stomata) 
and  also  reduce  the  amount  of 
heating  from  the  sun.  Still  others, 
such  as  the  mullein  and  the  cine- 
raria, are  covered  with  hairs 
which,  probably  reduce  the 
amount  of  surface  exposed  to 
the  air  (Figure  187). 

Along  with  the  devices  used 
to  prevent  evaporation,  there 
are  certain  structures  of  the 
roots  which  assist  the  plant  to 
obtain  more  water.  The  roots 
of  land  plants  are  so  built 
that  they  can  force  their  way 
through  closely  packed  soil  in  all  directions  and  thus  come  in 
contact  with  water.  The  absorbing  area  is  also  greatly 
increased  by  the  multitude  of  root  hairs.  These  root  hairs 
increase  the  absorbing  surface  of  a plant,  such  as  barley,  at 
least  twelve  times.  The  extensive  root  system  of  plants  also 
anchors  the  plants  in  the  ground  and  prevents  strong  winds 
from  destroying  them. 

Since  air  cannot  support  the  weight  of  our  common  land 
plants,  it  is  evident  that  stems  must  be  developed  which  will 
hold  the  leaves  up  into  the  light.  This  structural  feature  is 
accomplished  by  the  fibrous  cells  of  the  bast  (the  phloem 


Fig.  188.  Several  varieties  of 
tropical  orchids  have  long,  dan- 
gling air  roots  covered  with  ab- 
sorbent tissues  to  take  up  water 
quickly  from  the  air. 
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portion  of  a fibrovascular  bundle)  and  the  woody  portion  of 
a fibrovascular  bundle,  the  xylem  (Figure  108,  page  124). 
These  cells  dovetail  with  each  other  and  give  strength  to  the 
stem.  That  these  fibers  are  extremely  resistant  to  stress  and 
strain  is  shown  by  the  fact  that  bast  fibers  of  certain  kinds 
of  plants,  such  as  hemp  and  jute,  are  used  to  make  rope  and 
cable. 

We  have  already  noted  that  plants  contain  tracheids  and 
sieve  tubes,  through  which  water  and  food  are  conducted. 
The  transportation  system  of  land  plants  is  much  better 
developed  than  that  of  the  water  plants.  This,  of  course,  is 
necessary  because  the  raw  materials  for  food  manufacture  in 
land  plants  come  from  two  widely  separated  sources,  the  air 
and  the  soil.  An  adequate  system  of  distribution  is  thus  re- 
quired to  bring  these  materials  together  in  the  leaf  of  the 
land  plant. 

Finally,  land  plants  need  a method  of  reproduction  which 
will  protect  the  young  embryos  from  extremes  of  dryness, 
heat,  and  cold.  This  needed  protection  for  the  young  embryos 
has  been  provided  through  the  development  of  the  seed. 
The  extent  of  this  protection  has  been  demonstrated  experi- 
mentally. Some  seeds  can  withstand  a temperature  of  100° 
C.  (the  temperature  of  boiling  water)  for  several  hours. 
Some  seeds  have  been  germinated  after  having  been  kept  at 
a temperature  of  250°  C.  for  several  days. 

Land  plants  are  thus  quite  different  in  structure  from 
water  plants.  Each  is  fitted  to  live  under  a certain  set  of 
conditions.  In  general,  neither  could  trade  places  with  the 
other  and  continue  to  live. 

Suggested  Activity.  Collect  some  water  plants  and  some  plants 
which  live  on  the  land.  Compare  them  to  note  their  likenesses  and 
differences. 

The  preceding  paragraphs  have  presented  a general  dis- 
cussion of  the  fitness  of  plants  to  a land  habitat.  Now 
let  us  consider  some  examples  of  adaptation  to  particular 
types  of  land  habitats.  In  general,  land  habitats  may  be 
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divided  into  two  classes,  depending  upon  the  amount  of 
water  available.  At  the  opposite  extreme  from  the  water 
plants,  or  hydrophytes,  we  have  the  xerophytes,  living  in 
deserts  or  other  regions  where  water  is  scarce.  Midway 

between  the  hydrophytes 
and  xerophytes  are  the  meso- 
phytes,  living  in  regions  where 
water  is  more  or  less  abun- 
dant. To  illustrate  adapta- 
tion to  environment,  let  us 
examine  the  characteristics 
of  the  xerophytes.  What 
would  you  expect  to  find? 

Figures  189  and  190  show 
some  of  the  characteristic 
plants  of  regions  where  little 
water  is  available.  What  is 
the  most  notable  difference 
between  these  plants  and 
the  hydrophytes  and  meso- 
phytes?  Observe  the  leaves 
and  stems.  Note  how  thick 
they  are.  Small,  thick  leaves  do  not  expose  so  much 
surface  as  do  large,  thin  leaves  of  the  same  volume.  This 
characteristic,  therefore,  shows  adaptation  to  a hot,  dry 
climate  where  evaporation  is  rapid. 

In  most  xerophytes  the  thickness  of  the  leaves  serves  still 
another  purpose.  The  cells  in  the  epidermis  and  in  the  interior 
are  capable  of  holding  water,  and  they  thus  enable  the 
plant  to  store  water  through  long  periods  of  drought.  The 
retention  of  water  by  the  cactus  is  so  great  that  the  plant 
may  be  dried  under  pressure  for  weeks,  and  still  it  will  keep 
on  growing.  Tree  cacti  may  hold  several  hundred  gallons  of 
liquid.  Travelers  in  the  desert  often  cut  them  open  to  obtain 
this  liquid  when  their  supply  is  running  low.  In  Mexico  there 
is  a plant  called  the  resurrection  plant  which  can  be  dried 


Fig.  189.  The  yucca  tree,  common, 
to  the  desert  regions  of  southwestern 
United  States  and  Mexico,  has  long, 
pointed  leaves  and  thick  stems. 
(Photo  by  G.  D.  Fuller.) 
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for  years,  and  will  then  freshen  up  in  a few  hours  when  placed 
in  water.  Another  feature  of  the  xerophytes  is  their  extensive 
root  system.  In  some  regions  water  can  be  obtained  only  at 
great  depth  in  the  soil.  The  mesquite  bush  is  said  to  put 
down  a root  to  a depth  of  sixty  feet.  Indeed,  the  root  system 
is  often  better  developed  than  the  rest  of  the  plant.  One  of 
the  morning-glories  growing  in  dry  regions  sends  down  a 
root  from  twenty  to  thirty  feet,  while  the  part  of  the  plant 
above  the  surface  is  only  a foot  high. 


Fig.  190.  To  prevent  loss  of  moisture  the  leaves  of  the  giant  cactus 
have  practically  disappeared,  and  the  stems  have  taken  over  the  food- 
making function  of  the  leaves. 


As  you  would  expect,  the  mesophytes  present  structures 
which  are  intermediate  between  the  xerophytes  and  the  hy- 
drophytes. Their  leaves  may  be  large,  but  they  are  provided 
with  cutin  to  decrease  the  rate  of  evaporation.  Their  root 
system  is  more  extensive  than  those  of  the  hydrophytes  and 
less  well  developed  than  those  of  the  xerophytes. 

How  are  land  animals  fitted  to  their  surroundings?  And 
now  let  us  turn  from  plants  to  a consideration  of  the  fitness 
of  animals  to  a land  habitat.  Animals,  like  plants,  first 
developed  in  the  water  and  later  colonized  the  land.  Water 
animals,  as  we  have  seen,  are  adapted  to  getting  the  oxygen 
that  is  dissolved  in  water.  As  we  have  already  seen,  fitness 
to  a water  habitat  requires  the  ability  to  obtain  the  oxygen 
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dissolved  in  water  and  the  ability  to  keep  from  sinking  to  the 
bottom.  Manifestly,  the  structures  which  adapt  animals  for 
these  purposes  do  not  fit  an  animal  to  live  on  land. 

A land  animal  must  have  structures  which  enable  it  to 
obtain  oxygen  from  the  air.  The  skin  can  no  longer  be  used 
for  this  purpose  because  exposure  to  the  sun  and  air  make 
necessary  a thickening  of  the  skin  and  the  production  of  hair 
and  other  structures  designed  to  prevent  the  drying  up  of 
the  body  tissues.  Structures  which  will  keep  water  and  air 
from  passing  out  will  also  keep  these  materials  from  passing 


Fig.  191.  The  antelope  has  little  means  of  self-defense,  but  it  is  cap- 
able of  tremendous  speed.  (L.  W.  Brownell  photo.) 


in.  A new  method  of  locomotion  was  also  necessary  for  land 
animals.  In  most  land  animals  these  limbs  are  underneath 
the  body  rather  than  on  the  sides.  Furthermore,  these  limbs 
are  fairly  long  in  order  to  raise  the  body  above  the  ground 
far  enough  to  secure  reasonably  easy  locomotion.  The  ante- 
lope with  its  long  legs,  for  example,  is  capable  of  moving  at 
a speed  of  sixty  miles  an  hour.  Along  with  the  changes  just 
mentioned  came  changes  in  the  disposal  of  the  eggs  to  insure 
their  safety.  Safe  disposal  of  eggs  is  much  more  difficult  on 
land  than  in  the  water  because  of  exposure  to  drought  and 
changes  in  temperature. 

Up  to  this  point  we  have  been  concerned  with  the  general 
types  of  adaptation  to  land  habitats.  And  now  we  come  to 
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some  of  the  more  specific  adaptations  of  animals.  Here, 
one  is  confronted  with  so  many  examples  that  it  is  diffi- 
cult to  choose  which  ones  to  present,  for  every  animal  is  a 
bundle  of  adaptations.  If  it  were  not,  it  could  not  exist. 

As  one  example,  let  us 
take  the  types  of  fitness 
displayed  by  the  feet  and 
claws  of  animals  (Figure 
192).  The  feet  of  some 
animals,  for  example,  the 
squirrel,  raccoon,  opossum, 
leopard,  and  cat,  are  adapt- 
ed for  climbing.  The  mole, 
gopher,  and  burrowing 
beetle  have  feet  fitted  for 
digging  through  the  soil. 

The  feet  of  some  birds  are 
fitted  for  catching  other 
animals;  others,  like  those  of 
the  chicken,  are  fitted  for 
scratching  in  the  dirt;  still 
others,  like  those  of  the  duck,  are  adapted  for  swimming. 
Mountain  goats  and  polar  bears  are  fitted  for  walking  on 
smooth  surfaces  such  as  ice  and  rocks.  If  you  will  examine 
the  feet  and  claws  of  other  animals,  you  will  find  that  they 
fit  the  animal  for  living  in  certain  kinds  of  habitats  and  for 
doing  certain  things. 

Even  the  tails  of  animals  help  to  adjust  them  to  their  en- 
vironment. A horse  uses  its  tail  to  brush  away  the  flies  and 
other  insects;  certain  monkeys  use  their  tails  to  swing  from 
the  branches  of  trees;  the  tail  of  the  squirrel  maintains  the 
balance  of  the  animal  when  it  jumps;  the  beaver’s  tail  serves 
as  a rudder  in  swimming;  the  rabbit  uses  its  tail  as  a signal  to 
others  of  its  kind ; the  tail  of  the  kangaroo  acts  as  a prop  for 
the  animal  when  it  rests  on  its  hind  legs,  while  the  porcu- 
pine and  alligator  use  their  tails  as  powerful  clubs  to  protect 


Fig.  192.  The  star  mole,  so  called 
because  his  nose  is  fringed  with  star- 
like  points,  has  large  feet  and  claws 
for  digging  tunnels  in  the  ground. 

(Lynwood  M.  Chace  photo.) 
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themselves  from  their  enemies.  In  similar  manner  we  might 
examine  the  noses,  ears,  and  other  parts  of  animals.  Here 
also  we  would  find  evidences  of  fitness  to  the  environment. 

Suggested  Activity.  Make 
a study  of  the  eyes  of  animals, 
such  as  the  cat,  dog,  deep-sea 
fish,  owl,  fly,  and  spider.  Ex- 
plain how  these  different  kinds 
of  eyes  are  adapted  to  different 
environments. 

One  of  the  interesting 
angles  of  fitness  is  that 
concerned  with  the  struc- 
tures which  protect  ani- 
mals from  the  physical  fea- 
tures of  the  environment 
and  from  their  enemies. 
Mention  has  already  been 
made  of  protection  from 
dryness  and  from  high  tem- 
peratures; so  let  us  pass  on  to  those  structures  which  protect 
the  animal  from  its  enemies. 

The  porcupine  is  an  interesting  animal  to  observe,  but  not 
a pleasant  one  to  caress.  When  attacked,  its  short  spines 
rise.  This  is  a warning  to  go 
no  further.  The  quills  detach 
at  a touch  and  enter  the 
body  of  the  attacking  animal. 

They  are  so  constructed  that 
they  work  their  way  inward 
and  cannot  be  removed.  Fig.  194.  The  larva  of  the  Cecropia 
The  turtle  and  the  armadillo  moth  is  well  protected  with  sharp 
are  protected  with  coats  of  spines'  (Gea  T'  Hillman  P*10100 
armor.  The  snail  and  some  of  its  relatives  withdraw  with- 
in their  shell  and  defy  the  attacking  animal  to  come  and 
get  them.  The  bee  and  wasp,  as  many  of  you  know,  have 


Fig.  193.  Porcupine.  Observe  his 
formidable  defense  mechanism. 
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stingers  which  are  quite  effective  in  discouraging  un- 
welcome attentions.  Some  of  the  fishes  have  structures 
like  storage  batteries  which  enable  them  to  kill  their  enemies 
by  electric  shock.  Certain  snakes,  spiders,  and  lizards  have 
fangs  which  can  inject  poi- 
sons into  the  body  of  the 
victim  and  paralyze  or  kill  it. 

The  skunk  has  an  effective 
weapon  of  defense  in  the 
fluid  that  it  liberates.  The 
cuttlefish  emits  a dark,  inky 
liquid  when  attacked,  which 
serves  the  same  purpose  as 
the  smoke  screen  used  to 
conceal  battleships  in  time 
of  war.  It  is  interesting  to 
note  that  some  of  the  deep- 
sea  relatives  of  this  animal 
give  off  a luminous  cloud 
which  effectually  conceals 
them  in  these  lightless  areas.  Many  caterpillars  are  covered 
with  unpleasant  liquids  which  are  extremely  distasteful  to 
chickens  and  other  animals  eating  insects  and  their  larvae. 
Experiments  have  shown  that  young  chickens  will  try  them 
once  or  twice,  but  after  that  they  will  leave  them  severely 
alone.  Scattered  through  these  pages  you  will  find  many 
more  examples  of  protective  structures. 

It  is  impossible  in  this  book  to  mention  more  than  a few 
of  the  many  kinds  of  fitness  displayed  by  animals.  While 
it  is  true  that,  in  general,  all  animals  are  fitted  to  their  en- 
vironment, it  is  not  necessarily  true  of  all  of  the  structures 
possessed  by  animals.  Many  of  the  structures  present  are 
non-adaptive ; that  is,  they  apparently  serve  no  useful  purpose 
in  the  animal.  So  long  as  they  do  not  hinder  the  animal, 
they  may  remain  a part  of  his  structure.  But  if  structures 
do  develop  which  are  harmful  to  a species  of  animal,  this 


Fig.  195.  Some  species  of  the  arma- 
dillo curl  up  into  a ball  when  they 
are  attacked,  thus  presenting  armor 
on  all  sides.  (Herbert  photo.) 
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species,  as  we  shall  see  later,  does  not  survive  the  struggle 
for  existence. 

Suggested  Activity.  Observe  and  read  about  animals  to 
discover  the  structures  which  protect  them  from  their  enemies. 
Look  especially  for  strange  and  unusual  structures,  and  try  to 
determine  whether  they  are  of  any  definite  value  to  the  animal 
possessing  them. 

Suggested  Activity.  Make  a study  of  birds  to  discover  how 
they  are  fitted  to  flying. 

Self-testing  exercise  2.  Make  a table  like  the  one  below  and 
fill  it  in  from  your  study  of  Problems  1 and  2. 


A Comparison  of  Water  and  Land  Habitats  and  Their 
Inhabitants 


Habitat 

Physical  Conditions 

Types  of  Structures 
( Plants ) 

Types  of  Structures 
( Animals ) 

Water 

Liquid 

Buoys  up  objects,  etc. 

Bladder  for  flota- 
tion, etc. 

Tails  and  fins  for 
movement,  etc. 

Land 

Problem  3:  How  Are  Organisms  Fitted  to  Their 
Environment  by  External  Appearance? 

Study  Suggestion.  It  is  possible  in  this  problem  to  describe 
only  a few  of  the  many  types  of  fitness  which  actually  exist.  You 
will  find  it  profitable  to  recall  the  appearance  of  the  wild  animals 
which  you  have  seen  and  then,  using  as  a guide  the  examples 
given  here,  to  discover  how  these  animals  are  fitted  by  their 
external  appearance  to  their  surroundings. 

To  many  wild  animals  life  is  a series  of  hairbreadth  es- 
capes from  being  killed  for  food  by  some  other  animal.  Every 
wild  animal  has  its  enemies.  During  times  of  war  man  also 
has  enemies  who  seek  to  kill  him.  A good  many  years 
ago  our  soldiers  were  clad  in  brilliant  uniforms;  in  recent 
times,  however,  man  has  found  it  advantageous  to  make 
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himself  as  invisible  as  he  can  to  the  enemy.  For  this  reason, 
during  the  World  War  soldiers  were  clad  in  olive-drab  uni- 
forms. This  color  harmonizes  and  fuses  with  the  colors  of 
grass,  trees,  and  dirt.  A similar  transformation  was  effected 
in  the  ships.  They  were 
striped  in  irregular  lines 
which  made  it  difficult  for 
the  enemy  to  determine  the 
exact  size  of  the  ship  and  its 
direction  of  travel.  The  ships 
were  said  to  be  camouflaged. 

The  art  of  camouflage  is  that 
of  making  an  object  appear 
other  than  it  really  is. 

Man,  however,  as  com- 
pared with  many  animals  is 
but  a beginner  in  the  art 
of  camouflage.  For  a lesson 
in  disguise,  look  closely  at 
the  walking  stick  shown  in 
Figure  196  on  this  page. 

Not  only  does  this  animal  resemble  the  twigs  in  shape,  but 
it  also  resembles  the  twig  or  the  leaf  in  its  color.  The  wings 
of  the  dead-leaf  butterfly  resemble  a dead  leaf  almost  per- 
fectly in  details  of  color,  veins,  petioles,  and  even  worm 
holes.  Unless  you  look  very  closely,  you  will  find  it  almost 
impossible  to  locate  them. 

Now  it  must  not  be  thought  that  these  animals  proceeded 
on  the  same  basis  as  man.  Man  started  out  with  the  idea 
of  making  his  soldiers  and  ships  as  invisible  as  possible;  he 
experimented  with  different  colors  and  patterns  until  he 
found  the  best  combinations.  The  lower  animals,  of  course, 
cannot  think  and  plan  in  this  manner.  They  do  not  know 
that  they  are  inconspicuous,  and  they  certainly  have  not  in 
any  way  planned  to  become  almost  invisible.  The  fact 
remains,  however,  that  there  are  many  kinds  of  animals 
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which  resemble  in  form  and  color  the  objects  in  their  environ- 
ment. By  reason  of  this  resemblance  they  are  so  incon- 
spicuous that  they  may  be  overlooked  by  many  of  their 
enemies.  Just  how  this  resemblance  was  brought  about  is 

difficult  to  say.  Scien- 
tists themselves  differ 
in  their  explanation. 
We  shall  learn  more 
about  it  in  Problem 
4.  Here  we  are  con- 
cerned with  the  fact 
of  protective  coloration 
and  form. 

The  examples  of 
adaptation  to  the  en- 
vironment through 
protective  coloration 
are  almost  unlimited. 
Through  extended 
observation  of  ani- 
mals in  different  hab- 
itats it  has  been  pos- 
sible to  determine 
more  or  less  definitely  the  type  of  coloration  that  will  be 
found  in  a given  environment.  In  fact,  the  habitat  of  an 
animal  may  usually  be  inferred  from  the  general  appearance 
of  the  animal. 

In  the  desert,  animals  are  usually  dun  or  gray  in  color,  as 
exhibited  by  the  gazelle,  the  camel,  and  the  lion.  It  is  in- 
teresting to  note  that  gazelles  of  the  same  species  found  in 
lava  regions  are  usually  gray  in  color,  while  those  found  in 
sandy  regions  are  dun  or  white.  Plains-dwelling  animals, 
such  as  the  antelope  and  coyote,  are  very  likely  to  be  the 
color  of  dry  grass.  The  inhabitants  of  the  jungle,  such  as  the 
tiger  and  the  zebra,  are  usually  striped.  The  alternate 
stripes  of  dark  and  light  colors  resemble  very  closely  the  bars 
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of  sunlight  and  shadow  in  the  tall  jungle  grasses.  Forest 
animals  like  the  leopard  (Figure  279),  jaguar,  boa  constrictor, 
and  fallow  deer  are  usually  dappled,  giving  the  effect  of  the 
splashes  of  light  which  come  through  the  leaves.  Forest 
insects,  such  as  the 
katydid,  walking  stick, 
and  others,  are  usually 
green.  The  wings  of 
the  katydid  are  veined 
in  such  a way  that  to  a 
marked  extent  they  re- 
semble leaves.  Along 
the  white,  sandy 
stretches  of  the  sea- 
shore practically  all  of 
the  animals  are  of  a 
whitish  or  an  incon- 
spicuous ground  color. 

If  you  will  observe 
most  animals,  you  will  find  that  the  upper  surface  of  the  body 
shades  off  gradually  to  a lighter  color,  which  counteracts  the 
shadow  of  the  body.  This  makes  the  lower  part  of  the  animal 
appear  to  be  the  same  shade  as  the  rest  of  the  body.  The 
sloth,  however,  which  travels  hanging  beneath  the  boughs 
of  trees,  is  lighter  on  its  back  than  on  its  under  side.  Brook 
fishes  are  usually  olive-colored  on  their  upper  surface,  and  light- 
colored  beneath.  Thus,  viewed  from  above  they  are  difficult 
to  detect  against  the  bottom  of  the  stream.  From  below,  their 
light  under  side  against  the  light  also  renders  them  less  con- 
spicuous. Enough  examples  have  been  given  to  draw  the  gen- 
eral conclusion  that  many  animals  have  colors  and  color  pat- 
terns which  fuse  with  their  usual  environment  and  make  them 
almost  indistinguishable  from  their  immediate  surroundings. 

Some  animals  can  even  change  their  color  to  some  extent 
to  harmonize  with  their  surroundings.  The  most  common 
example  is  the  chameleon.  This  animal  is  ordinarily  bronze- 


Fig.  198.  The  dark  upper  surface  of  a frog, 
shading  to  a very  light  lower  surface,  helps 
it  to  escape  detection  from  enemies  both 
above  and  below  the  water.  (L.  W. 

Brownell  photo.) 
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hued,  but  it  can  change  its  color  through  olive  to  pale  green 
or  turquoise  blue.  Many  people  believe  that  the  animal  will 
change  to  the  color  of  any  object  on  which  it  is  placed,  but 
this  is  untrue.  The  change  in  color 
is  due  to  the  movement  of  the  pig- 
ment, or  color,  cells  up  and  down  in 
the  skin  of  the  animal.  It  is  thought 
that  this  movement  is  due  to  changes 
in  the  amount  of  heat  and  light  ab- 
sorbed or  reflected  by  the  material 
upon  which  the  animal  rests.  What- 
ever the  factors  are  that  bring  about 
these  changes,  it  is  certain  that  they 
are  not  due  to  any  conscious  activity 
on  the  part  of  the  animal.  The  tree 
frog  (Figure  199)  is  another  animal 
that  changes  its  color;  it  is  usually 
a grayish  color  on  a branch  and  green 
when  transferred  to  a green  leaf. 

Some  animals  change  their  color  from  season  to  season. 
In  summer  the  arctic  fox,  arctic  hare,  weasel,  and  lemming 
are  of  a color  which  fuses  with  the  browns  of  leafy  soil.  In 


Fig.  199.  The  tree  frog 
shows  further  adaptation 
to  its  environment  by  the 
suction  discs  on  its  toes  to 
aid  it  in  climbing.  (L.  W. 

Brownell  photo.) 


Fig.  200.  The  ptarmigan,  a species  of  grouse,  has  both  a winter  and 
a summer  plumage. 

the  winter,  however,  they  turn  white  and  thus  harmonize 
with  the  snow-covered  ground.  Experiments  with  lemmings 
show  that  if  the  animal  is  kept  in  a warm  room  in  the  winter, 
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Fig.  201.  The  Gila  monster,  a large  poisonous 
lizard  found  in  arid  regions  of  the  United 
States,  advertises  its  presence  by  its  conspicu- 
ous coloring  of  orange  and  black.  (Chicago 
Academy  of  Sciences  photo.) 


it  will  not  change  to  white.  If  exposed  to  the  cold,  however, 
it  will  change  its  color.  Change  in  color,  therefore,  is  brought 
about  by  the  conditions  to  which  animals  are  exposed. 

But  there  are  some 
animals  which  dis- 
play colors  and  color 
patterns  producing 
just  the  opposite  ef- 
fect upon  their  visi- 
bility; that  is,  they 
are  made  more  con- 
spicuous. The  wasps, 
b&es,  butterflies,  and 
some  of  the  snakes 
display  brilliant  reds  and  yellows.  These  colors  advertise  the 
presence  of  the  animal,  rather  than  conceal  it.  Many  of  the  ani- 
mals possessing  conspicuous  coloration  are  provided  with  spe- 
cial means  of  defense  such  as  poison  fangs,  stingers,  and  body 
secretions  which  make  the  animal  very  unpalatable  for  food. 
Experiments  show  that  when  hungry  animals  are  given  con- 
spicuously colored,  unpalatable  caterpillars  to  eat,  they  may 
try  them  once  or  twice,  but  they  learn  to  recognize  them, 
the  color  aiding  them  to  learn  this  lesson.  Most  preying 
animals  recognize  and  avoid  those  animals  which  are  con- 
spicuously colored.  If  they  are  recognized  in  time,  those 
species  are  almost  immune  from  attack.  Warning  colora- 
tion, as  it  is  called,  is  thus  of  considerable  advantage  to  its 
possessor.  Of  course,  it  may  not  protect  a given  individual 
of  a species,  because  other  animals  have  to  learn  to  avoid 
the  species  by  one  or  two  unpleasant  experiences  with  them. 

One  of  the  most  interesting  features  of  color  and  pattern 
formation  is  known  as  mimicry.  Here  an  animal  appar- 
ently has  copied  another  animal.  Some  species  which  have 
no  natural  means  of  defense  so  closely  resemble  others  which 
do  have  means  of  defense  that  the  two  kinds  can  hardly  be 
distinguished  from  each  other.  The  robber  fly,  which  has  no 
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defense,  mimics  the  bumblebee.  Another  example  of  mimicry 
is  exhibited  by  the  viceroy  butterfly,  which  resembles  the 

The  larva  of  the  monarch 
butterfly  feeds  upon  milk- 
weeds, and  it  is  supposed 
that  the  disagreeable  taste 
of  this  plant  gives  the  but- 
terfly a disagreeable  taste. 
Whatever  the  reason  may 
be,  this  butterfly  is  inedible. 
The  viceroy  butterfly,  how- 
ever, is  edible.  Its  resem- 
blance to  the  monarch 
butterfly  is  probably  very 
advantageous  in  protecting 
it  from  animals  which  have 
had  unpleasant  experiences 
with  the  monarch  butterfly. 

The  examples  given 
above  establish  the  fact 
that  some  animals  do  re- 
semble other  animals,  and 
that  this  resemblance  is  of 
advantage  if  the  animal  re- 
sembled is  conspicuously 
colored  and  has  powerful  weapons  of  defense.  How  this 
resemblance  was  brought  about  is  an  entirely  different  story; 
many  explanations  have  been  given,  but  as  yet  scientists  do 
not  all  agree. 

Suggested  Activity.  Make  a collection  of  animal  pictures 
and,  if  you  can  find  some,  of  animals  themselves  which  show 
protective  coloration. 

Suggested  Activity.  Make  a collection  of  animals  and  of 
animal  pictures  which  show  aggressive  coloration. 

Self-testing  exercise  3.  State  as  many  reasons  as  you  can  for  believ- 
ing that  the  external  appearance  of  animals  fits  them  to  survive 
in  their  environment. 


monarch  butterfly  (Figure  284). 


Fig.  202.  Can  you  distinguish  the 
viceroy  from  the  monarch  butterfly? 
The  viceroy  butterflies  are  on  the 
flower,  and  the  monarch  is  beneath 
them.  (L.  W.  Brownell  and  Lynwood 
M.  Chace  photos.) 
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Problem  4:  What  Living  Things  Survive  the 
Struggle  for  Existence? 

Study  Suggestion.  Read  through  the  material  presented 
in  this  problem  to  get  a general  idea  of  the  whole.  Then  read  the 
self-testing  exercise  on  page  238  and  study  the  problem.  Keep  this 
exercise  in  mind  as  you  study. 


Fig.  203.  A mold  of  a Brachiopod,  an  animal 
with  a shell  composed  of  two  valves  con- 
nected by  a hinge,  like  that  of  an  oyster. 
There  are  few  living  forms  of  it  now.  (Walker 
Museum  photo.) 


the  types  of  structure 
which  fit  living  things 
to  the  environment 
in  which  they  live. 

In  the  struggle  which 

takes  place  those  species  that  are  best  fitted  to  the  environ- 
ment are  the  ones  that  succeed.  We  shall  therefore  con- 
sider in  this  problem  the  part  that  adaptation  plays  in 
producing  the  forms  of  life  which  now  exist  upon  the  earth. 

How  have  we  learned  of  life  in  prehistoric  times?  To 
secure  data  for  our  study  we  must  go  to  the  paleontologist , 
that  is,  to  the  scientist  who  studies  ancient  life.  Through 
his  efforts  it  has  been  possible  to  build  up  a fairly  complete 
picture  of  life  through  millions  of  years  of  the  earth’s  history. 
The  paleontologist  obtains  his  evidence  and  bridges  the  gap 
between  the  present  and  the  past  through  a study  of  fossils. 


Earlier  in  this  unit  we  used  the  phrase  “struggle  for 
existence”  to  suggest  that  living  things  must  compete  for 
room,  water,  food, 
and  other  necessities 
of  life.  Problem  5 
enlarges  on  the  rela- 
tionship between  liv- 
ing things  and  the 
balance  of  life  which 
exists  as  a result  of 
this  relationship.  In 
this  unit  we  have 
been  concerned  with 
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Fossils  are  of  many  kinds:  They  may  be  the  actual  remains 
of  plants  or  animals  which  have  existed  in  the  past;  they 
may  be  parts  of  the  animals  which  have  turned  to  stone; 
they  may  be  imprints  left  by  some  living  thing;  or  they  may 

be  molds  or  casts  of  once 
living  things. 

How  these  fossils  were 
formed  is  an  interesting 
story.  If  an  animal  or  plant 
happened  to  die  in  some 
place  where  its  body  was 
immediately  surrounded  by 
a material  which  would 
preserve  it,  the  body  of  the 
animal  would  be  little 
changed  by  decomposition. 
This  has  actually  happened 
in  many  cases.  In  the  frozen 
north  of  Siberia  bodies  of 
the  great  hairy  mammoth 
(animals  resembling  the  ele- 
phant) have  been  found 
frozen  in  the  ice.  When  these  animals  are  removed  from 
the  ice  and  thawed  out,  the  flesh  is  in  such  perfect  condition 
that  dogs  will  eat  it.  Many  species  of  extinct  insects  have 
been  found  in  amber,  a solid  material  formed  by  resin.  It  is 
assumed  that  the  insects  were  caught  in  the  sticky  resin, 
which  later  solidified.  Since  they  were  protected  from  the 
bacteria  and  oxygen,  their  bodies  were  not  decomposed. 

Materials  are  said  to  be  petrified  when  each  particle  of 
the  organic  matter  has  been  replaced  by  mineral  matter. 
In  some  cases  the  replacement  has  been  so  perfect  that 
sections  of  tissues  preserved  in  this  manner  show  all  of  the 
finer  details  of  structure.  At  times,  animals  or  plants  have 
been  buried  in  the  mud  long  enough  to  impress  their  shape 
upon  this  plastic  material.  Later  the  organism  has  decayed 
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and  dissolved  away,  and  its  place  has  been  taken  by  mineral 
matter.  When  this  happens,  a cast  of  the  body  remains, 
showing  its  size  and  external  appearance  (Figure  204).  Im- 
prints such  as  shown  in  Figure  205  may  also  be  preserved. 

An  examination  of  rocks 
shows  that  fossils  are  found  only 
in  certain  kinds  of  rock.  They 
are  not  found  in  rocks  which 
were  formerly  in  a molten  con- 
dition (lava) ; or  those  like  gran- 
ite, which,  although  they  were 
not  originally  molten,  were  later 
heated  to  a point  where  any 
fossils  would  be  destroyed.  Fos- 
sils, in  general,  are  found  only 
in  the  sedimentary  rocks,  that 
is,  those  formed  by  the  settling 
of  sand,  clay,  mud,  or  lime  par- 
ticles in  water.  These  particles 
were  carried  by  streams  into 
large  bodies  of  water  where  they 
slowly  settled  to  the  bottom. 

As  the  pressure  of  succeeding 
layers  was  added,  the  sediment 
gradually  hardened  and  became  stone.  Animals  that  live 
in  the  water  must,  of  course,  sometime  die.  Their  bodies  sink 
to  the  bottom,  where  they  are  covered  with  sediment,  and 
many  of  them  become  fossilized.  Land  animals  are  occasion- 
ally washed  into  the  sea  or  sink  in  quicksands  or  mire  in  the 
soft  mud,  and  they,  too,  are  on  their  way  to  becoming  fossils. 

If  you  explore  the  region  in  which  you  live,  you  will  very 
likely  find  different  kinds  of  sedimentary  rocks,  such  as 
limestone,  sandstone,  shale,  or  slate.  All  of  these  rocks 
were  formed  under  the  surface  of  some  body  of  water  by  the 
particles  of  sediment  which  sank  to  the  bottom.  This  means, 
of  course,  that  if  you  find  such  layers  of  rock,  the  region  in 
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which  you  live  must  have  been  covered  by  water  at  some 
period  or  periods  of  the  earth’s  history.  If  you  happen  to 
live  in  a region  where  there  is  a quarry  or  where  there  are 
streams  with  high  banks,  you  will  probably  observe  that 
there  are  layers  of  different  kinds  of  rock.  This  means  that 


Fig.  206.  The  fossil  of  a bony  fish,  found  in  Wyoming,  which  lived 
many  ages  ago.  Notice  how  much  it  resembles  our  modern  perch. 
(Walker  Museum  photo.) 


conditions  changed  at  different  times  in  that  region.  Natur- 
ally, you  would  expect  the  oldest  rocks  to  be  at  the  bottom 
and  the  newer  rocks  on  top  in  the  order  in  which  they  have 
been  deposited.  In  general,  this  is  true. 

Suggested  Activity.  Explore  the  region  in  which  you  live.  Dis- 
cover what  kinds  of  rocks  there  are.  Then,  by  reference  to  a good 
book  on  geology,  write  a description  of  the  history  of  your  region. 

Through  long,  painstaking  labor  in  all  parts  of  the  world, 
scientists  have  been  able  to  establish  definitely  the  order  in 
which  certain  layers  of  rock  have  been  formed.  Further- 
more, they  have  been  able  from  this  record  of  the  rocks  to 
get  a fairly  accurate  picture  of  the  kinds  of  conditions  that 
prevailed  at  the  time  the  sediment  was  deposited.  These 
data,  together  with  other  types  of  data,  show  conclusively 
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that  at  certain  stages  of  the  earth’s  history  certain  areas 
were  tropical  seas,  and  that  during  other  periods  they  were 
covered  with  ice. 

For  example,  remnants  of  old  coral  islands  can  be  found  in 
Michigan,  which  is  now  the  center  of  our  continent.  Corals  do 
not  exist  except  where 
the  temperature  is  at 
least  68°  F. ; so  at  one 
time  Michigan  must 
have  been  a tropical  sea. 

Deep  scratches  left  on 
rocks  and  other  evi- 
dence indicate  that  at 
a later  time  Michigan 
was  covered  by  huge 
glaciers.  The  geologi- 
cal records  of  most 
areas  show  that  they 
have  been  repeatedly 
dry  land  and  shallow 
or  deep  seas.  Along 
with  these  changes  in 
the  elevation  of  the  land 
there  have  been  marked 
changes  in  climate. 

Since  it  has  been  pos- 
sible to  identify  the  lay- 
ers of  rock  in  the  order  of  their  formation,  and  since  many 
of  these  layers  contain  fossils,  it  has  been  possible  to  obtain 
records  which  enable  the  scientist  to  determine  in  general 
the  kinds  of  living  things  which  existed  during  different 
periods  of  the  earth’s  history  and  to  discover  much  about  the 
development  of  living  things. 

One  of  the  most  interesting  facts  discovered  was  that 
none  of  the  fossils  is  exactly  like  the  living  things  of  today, 
and  that  the  older  the  fossil,  the  greater  this  difference  is. 


Fig.  207.  This  drawing  of  the  Arch- 
aeopteryx, one  of  the  earliest  birds  known, 
has  been  reconstructed  from  the  fossil 
remains.  It  is  important  because  it  marks 
the  transition  stage  in  the  development 
of  birds  from  reptiles.  It  has  several  dis- 
tinct reptilian  features:  jaws  with  teeth, 
claws  on  the  upper  digits  of  the  wings, 
and  a long,  tapering  tail  of  the  kind  you 
see  on  lizards. 
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It  is  possible  to  find  in  the  different  rock  layers  or  strata 
fossils  of  living  things  which  belong  to  the  same  family  as 
many  of  our  present  organisms.  This  has  been  determined 
by  a comparison  of  the  structure  of  these  ancient  living 
things  and  of  living  things  today.  This  fact  would  seem  to 
argue  that  these  forms  were  the  ancestors  of  our  present  liv- 


Fig.  208.  This  painting  shows  animal  life  in  North  America  fifty-five 
millions  of  years  ago.  The  Uintatherium,  with  three  pairs  of  horns  on 
its  head,  is  supposed  to  have  been  the  largest  animal  at  that  time. 
The  small  animals,  which  are  about  the  size  of  a collie  dog,  are  four- 
toed primitive  horses.  (Herbert  photo,  from  Field  Museum.) 

ing  things.  In  general,  however,  the  living  things  of  today 
are  more  complex  in  structure  than  their  fossil  ancestors. 

If  we  go  far  enough  back  into  the  history  of  the  earth,  a 
period  can  be  found  where  no  fossils  of  back-boned  animals 
(vertebrates)  can  be  found.  Since  the  fossils  of  vertebrates 
are  more  likely  to  be  preserved  than  those  of  the  soft-bodied 
animals,  the  absence  of  vertebrate  fossils  indicates  that 
animals  of  this  type  had  not  yet  developed.  Furthermore, 
the  rocks  show  that  the  first  vertebrates  were  the  fishes. 
These  were  followed  by  the  amphibians  (frogs,  toads,  and 
salamanders) ; then  came  the  reptiles,  then  the  birds,  and 
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finally,  the  mammals  appeared.  Representatives  of  these 
great  groups  of  animals  are  present  on  earth  today,  but  a 
comparison  of  the  primitive  fossil  forms  with  the  living  de- 
scendants shows  that  great  changes  have  taken  place  in 
their  structure,  usually  in  the  direction  of  more  complexity. 

Not  only  does  the  examination  of  fossil  remains  show 
increasing  complexity  of  some  forms  of  life;  it  also  shows 
that  certain  groups  which  were  abundant  during  one  period 
are  not  found  at  all  in  the  next  period.  In  other  words, 
between  the  time  of  the  formation  of  one  series  of  rocks  and 


Fig.  209.  This  painting  shows  life  on  the  eastern  slope  of  the  Rocky 
Mountains  during  the  Age  of  Reptiles,  about  sixty  million  years  ago. 
The  animals  are  dinosaurs  of  various  kinds:  duck-billed,  armored, 
and  bird-like.  (Herbert  photo,  from  Field  Museum.) 

the  formation  of  the  next  series,  the  species  became  extinct. 
For  some  reason  or  other  it  passed  out  of  existence. 

Possibly  the  most  striking  example  of  the  disappearance 
of  a species  is  shown  by  the  dinosaurs.  These  animals  were 
reptiles,  and  at  one  period  of  the  earth’s  history  they  were 
the  ruling  animals.  They  were  of  all  sizes,  ranging  from  those 
about  the  size  of  our  lizards  to  those  which  were  sixty  to  eighty 
feet  in  length  and  whose  weight  was  from  thirty  to  forty 
tons.  Their  fossils  show  that  they  became  highly  special- 
ized ; that  is,  that  they  developed  to  a point  where  little  more 
change  in  their  structure  was  possible.  Then  they  perished, 
and  today  we  have  but  a few  forms  of  their  descendants 
left,  the  crocodile  being  the  nearest  relative  known.  Why 
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they  perished  is  not  known  for  certain.  The  most  com- 
monly accepted  explanation  is  that  changes  in  the  environ- 
ment took  place,  and  that  these  animals  were  unable  to 
adapt  themselves  to  these  changes.  And  this  brings  us  to 
the  solution  to  the  question  raised  in  the  problem,  “What 
living  things  survive  the  struggle  for  existence?” 

What  living  things  survive  the  struggle  for  existence?  Our 
study  has  shown  us  that  environmental  conditions  have 
changed  markedly  in  the  past.  These  changes  in  environ- 
ment brought  about  different  physical  conditions:  changes 
in  elevation,  in  temperature,  and  in  quantity  of  water.  When 
these  changes  occurred,  only  three  things  could  happen: 
The  species  had  to  adapt  itself  through  changes  in  structure 
and  mode  of  living ; or  it  had  to  migrate  to  new  regions  which 
were  favorable  for  its  development;  or  it  had  to  perish.  If 
a species  had  already  become  too  specialized,  so  that  little 
change  could  take  place,  it  usually  perished.  In  other  forms 
of  life  which  had  not  become  so  specialized,  change  was 
possible,  and  the  species  survived.  Those  living  things  which 
survived  were  thus  those  which  were  already  adapted  to  a 
change  in  conditions  or  which  were  able  to  adapt  themselves 
to  the  new  conditions. 

We  must  not  forget  that  changes  in  environment  and 
changes  in  the  structure  and  modes  of  living  of  organisms 
were  extremely  gradual.  It  took  millions  of  years  for  very 
small  changes  to  take  place.  Just  how  these  changes  in 
animals  can  take  place  is  still  the  subject  of  scientific  in- 
vestigation. Not  enough  facts  are  known  to  give  a definite 
explanation.  Apparently,  an  individual  animal  is  produced 
which  may  differ  from  its  parents  in  some  respect.  If  this 
difference  in  structure  is  helpful  to  the  individual,  that  is, 
if  it  fits  the  individual  better  to  its  environment,  it  is  more 
likely  that  this  animal  will  survive  the  struggle  for  existence 
and  produce  young.  This  new  characteristic  may  be  passed 
along  to  its  young.  Finally,  perhaps  only  through  thousands 
or  millions  of  years,  the  descendants  possessing  this  new 
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characteristic  may  entirely  displace  the  original  form.  And 
this  process  keeps  going  on  and  on.  From  time  to  time 
new  characteristics  appear  in  the  creature;  many  of  these  are 
disadvantageous,  and  their  possessors  die.  A few  are  advan- 
tageous and  may  in  many  years  become  established  char- 
acteristics of  the  group.  A more  thorough  discussion  of  the 
problem  of  inheritance  and  the  production  of  new  forms  of 
life  will  be  presented  in  Unit  VIII. 

Self-testing  exercise  4.  1.  What  types  of  evidence  does  the 

paleontologist  have  upon  which  to  base  his  opinion  of  (a)  the 
changes  which  have  taken  place  in  the  surface  of  the  earth,  and 
( b ) the  development  of  living  things? 

2.  What  does  the  evidence  indicate  in  regard  to  (a)  the  changes 
which  have  taken  place  in  the  surface  of  the  earth,  and  ( b ) the 
development  of  living  things? 

Problem  5:  How  Is  the  Balance  of  Life 
Maintained? 

Study  Suggestion.  The  term  “balance  of  life”  refers  to  the 
relationship  existing  between  living  things  which  determines  the 
kind  and  number  of  plants  and  animals  which  can  exist  in  a given 
region.  In  the  study  of  this  problem  three  questions  should  be 
kept  in  mind:  (1)  What  is  the  nature  of  this  relationship?  (2) 
How  is  this  relationship  brought  about?  and  (3)  What  is  the  result 
of  this  relationship? 

Studies  of  the  relationship  among  living  things  show  that 
they  may  assist  each  other  by  mutual  partnership,  they 
may  help  each  other  without  securing  any  benefit  from  the 
relationship,  and  they  may  hinder  others  in  their  struggle  for 
the  necessities  of  life.  Except  in  unusual  cases,  such  as 
occur  when  grasshoppers  or  other  insects  migrate  in  untold 
millions  into  a region,  the  number  of  different  kinds  of  animals 
or  plants  in  a given  region  remains  practically  the  same. 
That  is,  a state  of  balance  in  nature  exists.  In  this  problem 
we  shall  learn  how  the  struggle  for  the  necessities  of  life 
results  in  maintaining  the  balance  of  life. 
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Why  must  living  things  struggle  for  their  existence?  As 

you  learned  in  Unit  IV,  one  of  the  characteristics  of  living 
things  is  their  ability  to  have  young.  By  means  of  this 
ability  animals  and  plants  continue  to  exist.  The  elephant, 
which  is  perhaps  the  slowest  breeder  in  the  animal  king- 
dom, begins  to  produce  young  when  it  is  thirty  years  old. 
During  its  lifetime,  which  is  about  one  hundred  years,  it 
produces  an  average  of  six  young.  Let  us  suppose  that  the 
young  of  the  original  pair  of  elephants  all  lived  and  that 


Fig.  210.  Although  a pair  of  ducks  may  produce  all  these  young  in 
one  season,  yet  the  number  of  adult  ducks  does  not  at  all  increase  in 
proportion  to  the  number  of  young.  (Lynwood  M.  Chace  photo.) 


each  pair  produced  six  elephants  in  their  lifetime.  At  the 
end  of  750  years  there  would  be  produced  19,000,000  ele- 
phants, all  descendants  of  the  original  pair. 

In  contrast  to  the  elephant,  let  us  examine  a few  animals 
which  reproduce  many  young.  The  codfish  lays  as  many  as 
9,000,000  eggs  a year.  Half  of  these  hatch  into  males,  and 
half  into  females.  If  all  of  them  lived  and  reproduced,  at  the 
end  of  the  second  year  there  would  be  40,500,000,000,000 
fish  descendant  from  a single  pair.  At  the  end  of  the  third 
year  there  would  be  4,500,000  times  as  many  fish  as  in  the 
second  year.  Another  rapid  breeder  is  the  mosquito.  A 
single  female  lays  400  eggs,  half  of  which  are  females.  Each 
of  these  females  becomes  mature  in  ten  days  and  lays  eggs. 
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If  the  eggs  laid  by  one  female  developed  to  maturity  and 
reproduced,  in  three  months  the  number  of  mosquitoes  from 
this  female  would  be  102,914,592,864,480,008,004,001. 

Our  common  plants,  as  you  know,  reproduce  by  means  of 
seeds.  When  winter  comes,  these  plants  die,  but  their  con- 
tinuation for  succeeding  years  is  secured  through  their 
seeds  which  have  been  scattered  and  buried  in  the  soil. 

Experiment  40.  How  many  seeds  are  buried  in  the  soil  over 
an  area  of  one  square  foot?  (a)  Select  a vacant  lot  which  is 
covered  with  weeds  in  the  summer.  Measure  off  a square  foot, 
and  remove  the  soil  to  a depth  of  three  inches.  Place  the  soil 
in  a box  about  a foot  square,  and  provide  the  proper  growing 
conditions.  Keep  count  of  the  number  of  plants  that  take  root 
and  grow. 

(b)  It  is  an  interesting  experiment  to  obtain  soil  from  different 
localities  and  compare  the  number  of  seeds  found. 

Darwin  made  an  experiment  somewhat  similar  to  the  one 
outlined  above.  He  measured  off  a plot  of  ground  two  by 
three  feet  and  counted  the  number  of  plants  which  started 
growth.  He  found  that  357  seeds  developed  into  plants  in 
this  area,  making  an  average  of  about  fifty-nine  plants  per 
square  foot.  Suppose  that  each  of  these  357  seeds  grew 
into  a new  plant  which  produced  ten  seeds  each.  (Ten 
seeds  is  a very  small  average.)  The  following  year  there 
would  be  3750  plants  produced.  If  this  continued  for  a 
period  of  ten  years,  there  would  be  over  3,500,000,000  plants 
produced  in  the  tenth  year.  If  each  of  these  plants  required 
an  area  of  four  square  inches  for  growth,  35,571  square  miles 
would  be  required.  If  this  number  of  square  miles  would 
be  required  for  the  offspring  of  the  plants  grown  originally  on 
an  area  of  six  square  feet,  imagine,  if  you  can,  how  many 
million  square  miles  would  be  required  for  the  growth  of  all 
of  the  seeds  produced  each  year. 

The  figures  given  in  the  last  two  paragraphs  concerning 
the  possible  rate  of  reproduction  are  correct,  but  it  is  evident 
that  if  this  rapid  increase  actually  took  place,  in  a very 
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short  time  the  descendants  of  a single  pair  of  animals  or 
of  a single  plant  would  cover  the  entire  surface  of  the  earth. 
Observation  of  the  living  things  about  us  shows  that  this 
increase  does  not  take  place.  Year  after  year  in  the  same 
locality  the  number  and  kinds  of  plants  remain  about  the 
same.  How  is  this  brought  about? 

All  living  things  require  certain  conditions  and  materials 
in  order  to  live.  The  energy  of  most  living  things  is  directed 
toward  securing  these  conditions  and  materials.  As  a re- 
sult of  the  tremendous  over-production  of  living  things, 
there  is  a scarcity  of  food  and  of  room  to  grow.  This  of 
course  brings  about  a competition  among  living  things  for 
the  necessities  of  life.  In  one  sense  every  plant  is  an  enemy 
of  every  other  plant.  This  is  particularly  true  where  several 
plants  are  trying  to  obtain  a foothold  in  the  same  space. 
From  the  moment  the  seeds  start  to  grow,  competition  be- 
gins. Beneath  the  soil  the  struggle  is  for  water  and  min- 
erals, while  above  the  soil  it  is  for  light  and  air. 

Some  plants  develop  root  systems  rapidly,  others  slowly. 
In  general,  the  plant  with  a rapid-growing  root  system  has 
a great  advantage  because  it  gets  the  first  chance  at  materials 
from  the  soil  to  aid  its  growth.  If  it  can  push  its  way  upward 
through  the  soil  and  develop  its  leaves  ahead  of  another  plant, 
its  chances  of  success  are  greatly  increased.  The  stronger 
plant  ultimately  wins,  and  its  competitors  are  either  de- 
stroyed or  weakened  to  such  an  extent  that  their  production 
of  seed  is  lessened.  The  earth  cannot  provide  space,  food, 
and  light  for  the  growth  of  all  of  the  seeds  produced  by 
plants.  The  result  of  the  competition  for  these  materials 
and  conditions  is  the  survival  of  the  strongest  or  best  adapted 
plants,  and  the  death  of  the  weaker  or  poorly  adapted  plants. 

The  frog  lays  many  thousand  eggs  in  a season.  If  you  have 
ever  been  frog-hunting,  you  know  that  in  any  given  stream 
or  pond  the  number  of  frogs  remains  about  the  same  from 
year  to  year.  What  becomes  of  the  eggs?  Many  of  them 
are  used  by  other  animals  for  food.  Some  of  them  never 
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start  growth.  Those  that  develop  remain  for  some  time 
in  the  tadpole  stage.  In  this  stage  they  are  attacked  by 
leeches  and  water  bugs  which  suck  the  blood  from  their- 
bodies.  Of  the  frogs  that  mature,  many  are  eaten  by  man, 
water  birds,  crows,  snakes, 
and  water  rats.  The  result 
is  that,  in  spite  of  the  num- 
ber of  eggs  produced  each 
year,  the  number  of  frogs 
in  a pond  remains  about  the 
same  from  year  to  year. 

(See  Figure  156,  page  179, 
and  Figure  159,  page  182). 

How  is  a state  of  balance 
secured?  Living  things 
must  not  only  compete 
with  other  living  things  in 
order  to  live,  but  they  must 
also  struggle  with  the  cli- 
mate. An  extremely  cold 
winter  may  destroy  the  en- 
tire crop  of  winter  wheat 
and  clover.  A late  fall  may  stimulate  the  growth  in  young 
fruit  trees  so  that  they  are  unprepared  for  the  intense  cold  of 
winter.  A period  of  warm  weather  early  in  the  spring  may 
cause  the  fruit  buds  to  start  growth,  only  to  be  killed  by  a 
heavy  frost.  Heavy  rains  and  floods  in  the  spring  wash  away 
the  seeds  of  many  plants.  Millions  of  living  things  are  killed 
every  year  by  unfavorable  climatic  conditions. 

The  competition  between  living  things  of  the  same  kind 
and  between  living  things  and  their  enemies  has  brought 
about  a state  of  balance  in  nature.  There  is  only  a certain 
amount  of  space  and  food.  Nature  cannot  supply  the  con- 
ditions and  materials  necessary  for  the  growth  of  all  of  the 
living  things  that  commence  life.  Hence,  many  of  them  must 
die.  If  conditions  happen  to  be  such  that  a large  number 


Fig.  211.  A relentless  struggle  for 
existence  is  ever  going  on  around  us; 
and  although  many  of  these  struggles 
seem  tragic  to  us,  they  are  part  of 
Nature’s  scheme  for  maintaining  a bal- 
ance of  life. 
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of  a certain  kind  of  animal  succeeds  in  getting  started,  the 
result  is  always  an  increase  in  the  production  of  the  enemies 
.which  feed  upon  that  animal.  For  example,  if  a certain  kind 
of  insect  succeeds  in  producing  a large  number  of  young, 
the  birds  which  feed  upon  this  insect  are  able  to  increase 
because  of  the  increase  in  the  quantity  of  available  food. 
This  increase  in  the  number  of  birds  increases  the  number 
of  enemies  of  the  insects,  and  results  in  their  wholesale  de- 
struction. When  the  number  of  insects  gets  back  to  normal, 
there  is  not  enough  food  for  the  over-supply  of  birds;  so 
they  die  because  of  lack  of  food.  The  result  is  that  con- 
ditions finally  are  balanced,  and  the  supply  of  birds  and 
insects  falls  to  normal;  that  is,  the  balance  of  life  is  restored. 

The  close  inter-relationship  which  exists  among  living 
things  is  shown  by  the  balanced  aquarium. 

Experiment  41.  How  is  a balanced  aquarium  constructed?  (a) 

A balanced  aquarium  can  best  be  constructed  with  a rectangular 
glass  aquarium  with  a capacity  of  six  or  more  gallons.  Obtain 
some  sand  and  thoroughly  clean  it  in  running  water.  Cover  the 
bottom  of  the  aquarium  to  a depth  of  about  two  inches.  Obtain 
a supply  of  tap-water  which  has  stood  in  open  containers  for 
about  a week,  or  clear  pond  water.  Pour  the  water  against  the 
side  of  the  aquarium  so  that  it  will  not  strike  the  sand.  A few 
plants  such  as  Vallisneria  (tape  grass),  Sagittaria  (arrowhead), 
Elodea,  and  Myriophyllum  should  then  be  planted. 

Set  the  aquarium  in  a place  where  it  can  obtain  direct  sun- 
light for  two  or  three  hours  a day.  If  the  water  becomes  cloudy 
and  the  plants  do  not  grow,  reduce  the  number  of  plants.  Allow 
the  aquarium  to  stand  for  several  days,  and  then  add  three  or 
four  snails,  two  or  three  tadpoles,  four  or  five  small  goldfish,  mud 
minnows,  catfish  or  sticklebacks,  a small  clam,  and  one  baby 
turtle.  The  water  should  remain  clear.  If  it  becomes  cloudy, 
the  water  should  be  changed,  or  the  number  of  plants  or  animals, 
or  both,  should  be  decreased.  The  correct  number  of  plants  and 
animals  must  be  determined  by  experience. 

(&)  The  animals  should  be  fed  sparingly.  A few  animals,  such 
as  cyclops,  daphnia,  and  cypris,  should  be  kept  in  the  aquarium 
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to  serve  as  food.  These  can  usually  be  obtained  from  pools  by 
means  of  a fine-meshed  net.  In  addition  to  this,  a small  quantity 
of  fish  food  and  a live  fly  or  two  for  the  turtle  should  be  added 
each  day. 

It  is  possible  to  make  an  aquarium  so  that  there  is  a per- 
fect balance,  that  is,  so  that  no  food  or  other  materials  need 
be  supplied.  Under  such  conditions  the  aquarium  may  be 
covered  and  sealed  air-tight,  and  the  plants  and  animals 
will  continue  to  live.  The  relationship  which  exists  between 
plants  and  animals  is  as  follows:  The  plants,  using  water, 
carbon  dioxide,  and  minerals,  manufacture  foods.  During 
this  process  they  give  off  oxygen.  The  animals  eat  the  food 
manufactured  by  the  plants,  breathe  in  the  oxygen,  and  give 
off  carbon  dioxide  into  the  air  and  certain  solid  waste  products 
which  contain  minerals  into  the  soil.  These  materials  are 
again  used  by  plants  in  the  manufacture  of  foods.  This  com- 
pletes the  food  cycle  (Figure  212). 

Self-testing  exercise  5.  Study  Figure  212  and  make  a list  of  all 
the  facts  which  it  shows.  Explain  what  the  figure  shows. 

The  balance  of  life  is  in  an  extremely  delicate  state  of 
adjustment.  A change  in  weather  conditions,  an  increase 
or  decrease  in  the  production  of  a certain  plant  or  animal, 
may  throw  the  balance  one  way  or  another  and  have  far- 
reaching  effects.  For  example,  let  us  see  the  consequences 
of  an  automobile  accident  on  a busy  street,  when  traffic  is 
held  up  for  a time  until  the  wreck  is  cleared  away. 

A business  man  is  going  to  a distant  city  where  he  has  a 
conference  shortly  after  his  train  arrives.  Because  of  the 
accident  he  misses  his  train,  and  the  conference  must  be 
postponed.  He  must  telegraph  this  information  to  some 
member  of  his  conference  group,  who  in  turn  must  notify 
the  other  members.  Each  of  these  members  must  in  turn 
rearrange  his  plans.  The  failure  to  hold  the  conference  may 
result  in  some  rival  organization  obtaining  a contract  for 
certain  supplies.  This  may  result  in  closing  down  a certain 
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Fig.  212.  Chart  of  the  food  cycle  in  Nature. 
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factory.  The  workers  in  this  factory  may  be  forced  to  move 
to  another  city  or  engage  in  some  other  line  of  work.  Thus 
an  automobile  accident  in  Chicago  may  change  the  lives  of 
hundreds  of  people  in  a town  a thousand  miles  away.  You 
can  probably  think  of  many  exam- 
ples in  which  some  unusual  event 
has  had  far-reaching  effects  upon 
your  life  and  the  lives  of  others. 

Charles  Darwin  was  the  first 
to  show  clearly  the  inter-relation- 
ship and  interdependence  of  living 
things.  In  one  of  his  investigations 
he  showed  that  the  supply  of  clover 
was  dependent  upon  the  number 
of  cats.  Darwin  observed  that 
bumblebees  visited  clover  for  nec- 
tar, and  in  passing  from  flower  to 
flower,  distributed  pollen.  In  order 
to  determine  the  value  of  this  dis- 
tribution of  pollen  from  flower  to 
flower,  he  covered  100  heads  of 
clover  so  that  the  bumblebees 
could  not  get  to  them.  None  of  these  heads  produced 
seeds,  while  one  hundred  heads  which  were  not  covered 
produced  2700  seeds.  The  production  of  clover  seed  is 
thus  entirely  dependent  upon  the  number  of  bumblebees. 
If  all  of  the  bumblebees  were  killed,  the  clover  plant  would 
probably  disappear.  Fields  mice  destroy  the  nests  and 
young  of  the  bumblebees.  An  increase  in  the  number  of 
field  mice  therefore  results  in  a decrease  in  the  number  of 
bumblebees  and  a decrease  in  the  number  of  seeds  produced 
by  clover.  Field  mice,  in  turn,  are  the  prey  of  cats.  If  the 
number  of  cats  is  increased,  the  number  of  field  mice  is  de- 
creased, and  as  a consequence  there  are  a greater  number  of 
bumblebees.  Thus  the  crop  of  clover  seed  is  dependent  to 
some  extent  upon  the  number  of  cats. 


Fig.  213.  Charles  Darwin 
(1809-1882),  the  greatest  Eng- 
lish naturalist  of  the  nine- 
teenth century. 
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This  interdependency  of  living  things  is  so  complex  that 
any  change  in  the  number  of  a given  kind  of  living  thing 
brings  about  a change  throughout  the  whole  living  world 
until  a new  balance  is  obtained.  An  interesting  example  of 

the  results  produced 
by  the  introduction  of 
a new  animal  in  a re- 
gion happened  in  Cal- 
ifornia. Some  young 
trees  which  were  im- 
ported from  Australia 
in  about  1868  brought 
with  them  a large 
scale  insect,  the  cot- 
tony cushion  scale. 
This  insect  attacked 
the  orange  and  lemon 
trees  and  threatened  the  ruin  of  the  entire  industry.  A 
scientist  was  sent  to  Australia  to  discover  how  the  number 
of  the  insects  was  kept  down.  He  soon  discovered  that 
the  cottony  cushion  scale  was  kept  in  check  by  a small 
beetle  ( Novius  cardenalis ) which  devoured  it.  He  brought 
some  of  these  beetles  to  the  United  States  and  released 
them  in  the  orange  groves,  with  the  result  that  the  number 
of  cottony  cushion  scale  was  reduced  to  such  an  extent  that 
it  no  longer  does  much  damage.  In  order,  however,  to  prevent 
any  more  outbreaks,  these  beetles  are  today  raised  in  large 
numbers  in  Sacramento  and  are  sent  to  any  groves  where 
the  cottony  cushion  scale  appears  in  large  numbers. 

Impressed  by  the  success  of  California,  Florida  fruit 
growers  decided  to  import  the  beetle  to  destroy  some  other 
kinds  of  scale  insects  which  were  ruining  their  trees.  A few 
of  the  beetles,  together  with  some  cottony  cushion  scale 
to  serve  as  food  during  the  journey,  were  accordingly  secured 
and  released  in  the  orange  groves.  Unfortunately,  however, 
the  beetles  would  not  eat  the  other  type  of  scale  insects. 
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The  result  was  that  the  beetles  died,  and  the  cottony  cushion 
scale  flourished.  This  example  shows  that  the  balance  in 
nature  is  extremely  delicate  and  that  even  man  must  be 
careful  in  disturbing  it. 

The  useless  slaughtering  of  any 
kind  of  animal  may  result  in  an 
entire  change  in  the  balance  of  life. 

For  example,  what  effect  would  the 
destruction  of  birds  have?  It  is 
estimated  that  the  birds  in  the  state 
of  Massachusetts  destroy  21,000 
bushels  of  insects  a day  (each  bushel 
containing  120,000  insects)  for  a 
period  of  five  months  in  the  year. 

The  wholesale  destruction  of  birds 
would  result  in  an  increase  in  in- 
sects which  would  destroy  in  a short 
time  every  green  plant  in  the  United 
States.  This  would  also  result  in 
the  destruction  of  all  animal  life, 
including  man. 

Throughout  the  millions  of  years 
during  which  life  has  existed  upon 
the  earth,  the  struggle  for  existence 
has  been  going  on.  The  result  has 
been  the  production  of  a balance  between  living  things. 
Nature,  if  left  alone,  sees  to  it  that  there  is  no  permanent, 
great  increase  in  the  number  of  a certain  kind  of  living 
thing.  Man  is  the  only  disturber  of  this  natural  balance,  but 
even  he  must  carefully  determine  what  living  things  to 
preserve  and  what  living  things  to  destroy  lest  he  disturb 
the  balance  too  greatly  and  bring  about  the  wholesale 
production  of  living  things  which  might  result  in  his  own 
extinction. 

Suggested  Activity.  Make  a list  of  the  activities  of  man 
which  are  directly  related  to  self-preservation. 


Fig.  215.  A monument  in 
Salt  Lake  City,  erected  to 
the  sea  gulls  that  saved  the 
early  settlers  from  a grass- 
hopper invasion.  (Cour- 
tesy of  the  Salt  Lake  City 
Chamber  of  Commerce.) 
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Fig.  216.  Here  a lobster  has  captured  a soft-shelled  crab  with  its  large 
pincers  and  is  about  to  dismember  its  victim  for  eating  with  its  smaller 
pincers.  This  little  drama  illustrates  one  of  Nature’s  ways  of  pre- 
venting over-production,  in  this  case  of  crabs,  and  so  maintaining 
the  balance  of  life. 


Problem  6:  How  Has  the  Present  Geographic 
Distribution  of  Organisms  Come  About? 

Everyone  knows  that  not  all  kinds  of  plants  or  animals 
are  found  in  every  region.  A big-game  hunter  does  not 
hunt  elephants  or  tigers  in  North  America,  because  he  knows 
that  neither  of  these  animals  is  found  in  this  region.  Yet 
at  one  time  in  the  history  of  the  earth  this  country  abounded 
in  the  hairy  mammoth,  a distant  relative  of  the  elephant, 
and  also  in  the  saber-tooth  tiger  (Figures  217  and  218).  In 
North  America  today  we  have  deer,  beavers,  field  mice,  bears, 
and  other  animals. 

Strangely  enough,  not  one  of  these  animals  is  found  in 
Africa.  There  are  two  branches  of  the  camel  family:  the 
animal  which  we  know  as  the  camel,  and  the  llama.  The 
camel  is  now  found  only  in  Asia  and  North  Africa,  while  its 
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distant  cousin,  the  llama,  is  found  only  in  South  America. 
Alligators  are  present  in  but  two  regions — southeastern  United 
States  and  central  China.  Many  examples  can  be  given 
which  show  that  certain  animals  exist  only  in  one  region; 
that  certain  other  animals  are 
widely  distributed:  and  that 
other  animals  of  the  same  fam- 
ily exist  in  widely  separated  re- 
gions, but  not  in  the  regions 
between  them.  How  can  these 
facts  be  explained? 

Of  one  thing  we  are  certain: 

No  species  of  animal  or  plant 
can  continue  to  exist  in  a region 
to  which  it  is  not  adapted.  It 
might  be  possible  to  explain  the  geographic  distribution 
on  the  basis  that  organisms  are  found  in  regions  to  which 
they  are  adapted.  Of  course,  this  statement  is  true,  but  it 
is  only  a half  truth.  There  are  many  regions  nearly  alike  in 
physical  conditions  which  have  different  kinds  of  animals. 
Furthermore,  if  certain  species  are  introduced  into  a region, 
sometimes  they  are  able  to  compete  so  successfully  with  the 
native  organisms  that  they  almost  drive  them  out.  For 

example,  at  one  time  there  were 
no  English  sparrows  in  this 
country.  They  were  brought 
from  Europe  by  man  and  were 
so  well  fitted  to  this  environ- 
ment that  in  many  places  they 
are  the  most  abundant  species 
of  birds.  A similar  event  took 
place  in  Australia.  Before  man 
took  rabbits  to  Australia,  none  were  there.  Now  they  have 
multiplied  to  such  an  extent  that  they  are  a serious  menace 
to  the  crops.  The  examples  that  have  just  been  given  show 
that  we  must  seek  further  than  “fitness  to  the  environment” 


Fig.  218.  A saber-tooth  tiger. 


Fig.  217.  A hairy  mammoth. 
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if  we  are  to  find  an  explanation  of  the  geographical  distribu- 
tion of  plants  and  animals. 

In  the  preceding  problem  we  cited  evidence  to  show  that 
the  land  and  water  surface  of  the  earth  has  changed  in  its 

proportions  at  various  times 
in  the  history  of  the  earth. 
We  found,  furthermore,  that 
the*  living  things  of  the  past 
were  unlike  those  of  the  pres- 
ent; that  great  changes  have 
taken  place  in  life  at  different 
periods.  It  is  in  these  two 
facts  that  we  find  an  answer 
to  the  riddle  of  geographical 
distribution. 

While  it  will  not  be  pos- 
sible to  present  all  of  the  facts 
upon  which  scientists  base 
their  theories  as  to  the  pres- 
ent distribution  of  living 
Fig.  219.  A mother  kangaroo  with  things,  an  example  or  two 
her  young  in  her  pouch.  (Herbert  wiH  maLe  clear  their  method 
photo.)  , . . T 

of  interpretation.  Let  us  turn 

first  to  th e fauna,  that  is,  the  animals,  of  Australia. 

Australia  is  the  home  of  the  marsupials.  The  marsupials 
include  the  kangaroo,  the  wallaby  (similar  to  the  kangaroo, 
but  smaller),  the  rat  kangaroo,  the  koala  or  tree  bear,  the 
wombat,  and  the  tasmanian  devil.  None  of  these  animals 
is  found  anywhere  except  in  Australia  and  its  near-by  islands. 
Another  member  of  this  group,  the  opossum,  is  found  only  in 
the  United  States.  These  animals  are  grouped  together  be- 
cause of  their  method  of  reproduction  and  care  of  the  young. 
The  eggs  are  retained  in  the  body  of  the  mother  until  they 
hatch.  The  young  are  very  small  (in  the  opossum  they  are 
less  than  one  inch  in  length),  and  they  usually  remain  in  a 
pouch  on  the  belly  of  the  mother  during  the  nursing  period. 
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In  this  way  they  are  taken  care  of  until  they  are  ready  to 
care  for  themselves. 

At  one  time  in  the  history  of  the  earth,  marsupials  were 
found  in  America  and  Western  Europe.  Now,  with  the 
exception  of  the  opossum,  they  are  found  only  in  Australia. 
Our  problem  is,  therefore,  to  explain  their  disappearance  from 
certain  regions  and  their  marked  development  in  Australia. 

The  fossils  indicate  that  the  marsupials  probably  first 
originated  in  North  America  and  that  they  migrated  from 
there  to  Europe  and  Australia.  This,  of  course,  would  be 
possible  only  if  these  continents  were  connected  by  land; 
and  this  is  believed  to  have  been  the  case.  Some  time  after 
the  marsupials  entered  Australia,  the  land  connection  was 
broken,  so  that  Australia  was  separated  from  the  other  con- 
tinents by  many  miles  of  water.  This,  of  course,  would  be 
a barrier  which  no  land  mammals  could  cross.  The  mar- 
supials in  Australia  were  thus  cut  off  from  the  rest  of  the 
world  and  were  able  to  develop  without  competition  from 
other  mammals.  After  the  break  between  Australia  and  the 
other  continents  a new  type  of  mammal,  the  placental  mam- 
mals, originated — probably  in  some  northern  continent. 
Since  the  land  connection  was  broken,  these  animals  could 
not  enter  Australia. 

Now  before  we  continue  our  story,  let  us  summarize  the 
series  of  events  which  have  been  described:  (1)  Marsupials 
appeared  in  North  America  and  spread  to  the  present  con- 
tinent of  Australia;  (2)  Australia  was  cut  off  from  the  north- 
ern continents  by  the  ocean ; (3)  placental  mammals  appeared 
in  the  northern  continents;  (4)  placental  mammals  came 
into  competition  with  the  marsupials  in  the  northern  con- 
tinents; and  (5)  marsupials  continued  to  develop  in  Australia 
without  competition  from  placental  mammals. 

The  marsupials  as  a group  are  not  as  well  fitted  to  survive 
the  struggle  for  existence  as  the  placental  mammals.  In 
placental  mammals  (which  include  all  of  the  common  mam- 
mals we  know)  the  blood  vessels  in  the  mother’s  body  are 
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brought  in  close  contact  with  the  young  embryo  by  a placenta, 
so  that  nourishment  may  pass  from  the  mother  to  the  embryo. 
This  makes  it  possible  for  a greater  amount  of  development 
in  the  young  animal  before  birth,  which,  of  course,  gives  it 
a better  start  in  life,  so  that  it  is  more  likely  to  survive.  In 
addition  to  a more  efficient  method  of  reproduction,  the 
placental  mammals  are  also  equipped  with  better  brains 
than  the  marsupials.  Because  of  their  better  adaptation  to 
the  environment,  they  won  out  in  their  struggle  with  the 
marsupials,  which  became  extinct  (with  the  exception  of 
the  oppossum)  in  the  northern  continents. 

Why  the  opossum  has  survived  is  difficult  to  say.  It 
produces  ten  or  twelve  young  at  a time,  while  most  of  the 
other  marsupials  produce  but  one  or  two.  It  lives  in  trees, 
feeding  at  night  and  remaining  in  its  hole  during  the  day. 
It  also  has  the  peculiar  habit  of  pretending  death  when  in 
peril,  but  when  necessary,  it  can  be  a dangerous  fighter. 
Perhaps  these  characteristics  have  helped  it  to  hold  its  own 
among  the  other  animals. 

The  riddle  of  the  geographic  distribution  of  plants  and 
animals  can  thus  be  partially  interpreted  by  reconstructing 
the  story  of  the  past.  At  the  present  time  a complete  pic- 
ture of  the  history  of  the  earth  is  not  possible,  because  the 
various  strata  of  rocks  have  not  been  sufficiently  explored; 
hence  our  knowledge  of  geographic  distribution  is  not  com- 
plete. The  facts  which  have  been  presented  were  selected 
to  show  how  it  is  possible  for  scientists  to  interpret  life  in 
both  past  and  present  through  a study  of  the  various  strata 
of  rocks  and  their  fossils.  The  facts  and  their  interpretation 
explain  some  of  the  features  of  geographical  distribution 
which  until  recent  times  were  puzzles  to  man,  and  furnish 
further  evidence  that  living  things  are  found  in  the  environ- 
ments to  which  they  are  fitted  by  structure  and  by  modes  of 
living. 

In  Problems  1 and  2 we  found  that  there  are  certain  gen- 
eral kinds  of  habitats,  such  as  those  presented  by  the  frigid, 
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temperate,  and  tropical  zones.  Within  these  regions  are 
hydrophytic,  mesophytic,  and  xerophytic  habitats.  Each 
of  these  can  be  further  divided.  For  example,  a hydrophytic 
environment  can  be  divided  into  salt  and  fresh  water  hab- 
itats, or  into  surface  zones  and 
deep-sea  zones.  Different  forms  of 
life  are  found  in  each  of  these  sur- 
roundings because  of  the  different 
conditions  which  are  present.  Be- 
cause of  the  great  variety  of  con- 
ditions and  the  different  ways  in 
which  these  conditions  are  com- 
bined, the  distribution  of  living 
things  is  an  extremely  complex 
problem  to  solve.  In  order  to  see 
how  complex  are  the  inter-relations 
of  the  different  conditions,  let  us 
now  consider  some  of  the  factors 
which  account  for  the  distribution 
of  plants. 

In  general,  the  factors  which  in- 
fluenced the  distribution  of  plants 
may  be  divided  into  two  groups: 

(1)  those  which  are  geographic  in 
character,  and  (2)  those  which  are 
topographic  in  character.  The  geographic  factors  are  those 
which  are  determined  by  the  seasons,  latitude,  light,  tem- 
perature, movements  of  the  air,  and  amount  of  moisture. 
The  topographical  factors  are  those  which  are  concerned 
with  the  composition  and  nature  of  the  soil.  We  shall  now 
consider  briefly  the  effect  of  these  factors  upon  plant  dis- 
tribution. 

As  you  have  probably  observed  in  the  forest,  the  light 
requirements  of  plants  differ.  Some  plants  need  a great 
deal  of  light  for  growth,  others  can  grow  in  shaded  positions, 
and  still  others  grow  better  in  the  absence  of  direct  sunlight. 


Fig.  220.  A roadway  cut 
through  the  heart  of  an  aspen 
poplar  forest  shows  that  the 
lower  limbs  of  the  trees  have 
been  killed  by  the  shade,  leav- 
ing clean  trunks  as  the  trees 
grew  tall  to  reach  the  avail- 
able light.  (W.  C.  McCalla 
photo.) 
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This  difference  in  light  requirement  is  one  of  the  important 
factors  which  determine  "which  species  will  survive  in  the 
struggle  for  existence.  Some  trees,  for  example,  can  grow  in 
the  dense  shade  of  the  forest,  while  others  cannot  grow  so 
well.  More  young  trees  start 
growth  than  can  survive,  and  in 
the  resulting  competition  for  food, 
the  tree  which  is  best  adapted  to 
the  conditions  present  will  emerge 
the  victor. 

The  maximum  and  minimum 
temperatures  of  regions  are  partly 
dependent  on  the  latitude.  The 
limits  of  high  temperatures  and 
low  temperatures  which  living 
things  can  withstand  vary  greatly 
in  different  species.  Some  trees, 
for  example,  can  stand  a tempera- 
ture of  —70°  C.;  others  are  killed 
when  the  temperature  falls  below 
zero.  We  have  already  studied 
the  effects  of  the  difference  in  the  amount  of  moisture  avail- 
able and  have  found  that  only  certain  types  of  plants  can 
grow  under  different  moisture  conditions.  Plants  are  affected 
not  only  by  the  quantity  of  water  which  falls  during  a given 
year,  but  also  by  the  time  of  falling.  For  example,  if  all  of 
the  rain  falls  within  a few  months  of  the  year,  while  it  is  dry 
for  the  rest  of  the  year,  the  vegetation  will  be  different  from 
those  regions  in  which  the  same  amount  of  rain  is  distrib- 
uted throughout  the  year. 

The  direction  and  the  force  of  wind  are  important  to  plant 
distribution  in  that  air  movement  assists  in  the  distribution 
of  the  pollen  and  the  seeds  of  plants.  The  force  of  the  wind 
is  also  important  in  determining  the  kind  of  plant  which  can 
grow.  In  exposed  regions  where  the  force  of  the  wind  is 
very  great,  short  plants  are  much  better  protected  from  the 


Fig.  221.  The  trunk  of  the 
Australian  bottle  tree  is 
adapted  for  storage  of  water. 
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wind  than  tall  plants.  A rapid  air  movement  also  dries  the 
plants;  plants  which  are  provided  with  xerophytic  adapta- 
tions are  thus  best  fitted  to  this  environment. 

And  now  let  us  turn  to  the  topographic  factors  which 
affect  plant  distribution.  There  are,  of  course,  many  differ- 
ent kinds  of  soil;  sandy,  lime,  clay,  loam,  and  saline  are  some 
of  them.  Each  of  these  kinds  of  soil  varies  in  composition 
and  in  structure.  That  is,  some  contain  certain  kinds  of 
minerals  and  organic  materials,  while  others  contain  other 
minerals  and  different  proportions  of  organic  materials. 
Some  soils  are  porous  and  admit  the  free  circulation  of  air; 
others  are  non-porous  and  exclude  air.  Some  soils  are  warm, 
and  others  are  cold.  Different  types  of  soil  thus  provide 
different  types  of  growing  conditions.  It  is,  therefore,  to  be 
expected  that  one  would  find  different  kinds  of  plants  grow- 
ing in  different  kinds  of  soil.  And,  of  course,  this  is  what 
actually  happens. 

The  facts  presented  in  this  problem  show  clearly  the  rela- 
tion between  fitness  to  the  environment  and  geographic  dis- 
tribution. In  general,  it  is  safe  to  conclude  that  living 
things  are  found  only  in  those  habitats  to  which  they  are 
adapted  by  structure  and  habits*  On  the  other  hand,  living 
things  are  not  necessarily  found  in  all  of  the  regions  to  which 
they  are  adapted.  Barriers  such  as  mountains,  deserts,  and 
oceans  may  have  prevented  their  migration  from  the  regions 
in  which  they  developed  to  other  regions  which  are  favor- 
able to  their  growth.  Where  these  barriers  did  not  exist, 
species  developing  in  one  region  gradually  spread  to  other 
regions  where  they  came  into  competition  with  other  species. 
If  they  were  better  fitted  than  the  original  inhabitants,  they 
triumphed  in  the  struggle  for  existence  and  forced  the  other 
species  to  migrate  or  die.  If  they  were  not  better  fitted, 
they  were  the  losers  in  the  struggle  and  survived  only  in  the 
region  where  they  developed. 

The  fossil  records  show  a continued  development  of  living 
things  in  terms  of  complexity.  New  structures  developed, 
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and  new  forms  of  living  things  came  into  existence.  These 
new  forms,  few  in  number  at  first,  came  into  competition 
with  the  existing  species.  If  they  were  better  adapted,  they 
replaced  the  old  species,  only  in  turn  to  be  replaced  by  new 
living  things  which  were  still  better  fitted  for  life  than  they. 
Even  today  this  struggle  is  still  going  on;  the  inefficient  are 
destroyed,  and  the  efficient  thrive  and  multiply. 

Self-testing  exercise  6.  Write  a paragraph  in  which  you  show 
how  the  geographical  distribution  of  organisms  is  related  to  the 
changes  which  have  taken  place  in  the  earth’s  surface,  the  structure 
of  organisms,  and  the  struggle  for  existence. 

Additional  Exercises 

1.  Scientists  have  traced  rather  completely  the  development  of 
the  horse  and  the  camel.  Consult  an  encyclopaedia  or  some  other 
reference  book  and  prepare  a story  about  either  of  these  animals. 

2.  Birds,  flying  foxes,  and  flying  fishes  are  fitted  to  movement 
through  the  air.  Discover  how  the  structures  of  these  kinds  of 
animals  differ. 

3.  Choose  any  wild  animal  that  you  wish.  Make  a careful 
study  of  this  animal  and  determine,  as  nearly  as  possible,  all  of 
the  types  of  structure  which  fit  the  animal  to  its  environment. 

4.  If  an  organism  becomes  very  highly  adapted  to  its  particular 
environment,  in  the  end  this  may  prove  to  be  a disadvantage. 
Explain  how  this  might  happen. 

5.  Prepare  a report  upon  prehistoric  animals. 

6.  Prepare  a report  upon  prehistoric  man. 

7.  Many  tropical  plants  have  thick-walled  leaves  and  tips  in  the 
form  of  gutters.  What  advantage  is  this  to  the  plant? 

8.  Most  of  our  broad-leaved  trees  lose  their  leaves  in  the  autumn. 
Explain  why  this  is  an  adaptation  to  environment. 

9.  The  upper  epidermis  of  leaves  is  usually  thicker  than  the  lower 
epidermis.  Explain. 

10.  Why  do  the  stomata  of  plants  living  near  an  abundant  water 
supply  rarely  close? 

11.  Why  are  black  people  better  adapted  to  hot,  sunny  climates 
than  white  people? 


UNIT  VI 

HOW  ARE  LIVING  THINGS  CLASSIFIED? 

Preliminary  Exercises 

1.  All  living  things  are  alike  in  the  following  ways: 

(c) , and  ....(d) 

2.  All  animals  resemble  each  other  in  these  four  ways:  ....(a)...., 

...(b)—.,  ....(c)—.,  and  ....(d) 

3.  Some  of  the  ways  in  which  animals  differ  are  as  follows: 

....(a)....,  —(b)....,  and  (c) 

4.  The  following  are  some  groups-  of  animals  I have  seen: 

....(a) (b)....,  -(c)....,  -(d).-,  -(e)....,  and  ....(f) 

5.  All  plants  are  alike  in  the  following  ways:  ....(a)....,  ....(b)...., 

—(c)—,  and  —(d) 

6.  Some  ways  in  which  plants  differ  from  each  other  are  as 

follows:  ....(a)....,  ....(b)....,  and  —(c) 

7.  The  following  are  some  groups  of  plants  I have  observed: 

-(a)....,  ....(b)....,  -(c)....,  ....(d)....,  ....(e)....,  and  ....(f) 

8.  (a)  What  are  the  common  methods  employed  to  classify 
plants  into  groups?  (b)  To  classify  animals? 

9.  How  do  scientists  classify  living  things? 

10.  Why  is  it  necessary  to  classify  living  things? 

The  Story  of  Unit  VI 

If  a new  or  strange  plant  or  animal  is  brought  to  the 
biology  class,  some  one  is  sure  to  ask  at  once,  “What  is  it?” 
Sometimes  this  is  rather  a difficult  question  to  answer, 
because  there  are  thousands  of  different  kinds  of  living 
things.  An  expert  in  botany  or  zoology,  however,  can  iden- 
tify the  specimen  and  tell  its  name.  When  we  stop  to 
think,  we  realize  that  every  known  thing  in  the  world  has 
a name.  You  may  wonder  who  named  things,  and  why 
each  was  given  the  particular  name  it  bears.  For  example, 
do  you  know  who  named  you  and  why  you  had  to  have  a 
name?  Have  you  ever  named  anything? 
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It  would  be  rather  difficult  to  talk  about  the  places  we 
have  visited,  persons  we  have  met,  things  we  have  seen, 
tasted,  smelled,  touched,  or  heard  if  they  did  not  have  names. 
Man,  no  doubt,  began  naming  things  as  soon  as  he  learned 
to  talk.  In  fact,  he  may  have  learned  to  talk  through  his 
desire  to  indicate  certain  objects.  Perhaps,  in  those  early 
days  when  he  had  no  fixed  home,  but  wandered  about  from 
place  to  place  seeking  food  and  shelter,  man  devised  words 


Fig.  222.  It  is  easy  to  see  that  there  is  a close  relationship  between 
the  bullfrog  and  the  leopard  frog.  There  are,  however,  certain  very 
important  differences  between  them.  A large  dictionary  will  tell  you 
that  the  bullfrog  is  known  as  Rana  catesbiana;  the  leopard  frog  bears 
the  name  Rana  pipiens.  There  are  about  seventeen  kinds  of  frogs  in 
North  America.  (Lynwood  Chace  photo.) 

or  sounds  to  designate  plants  and  animals  that  were  good  to 
eat  and  those  that  were  poisonous  or  otherwise  harmful. 
Usually  these  names  indicated  the  appearance  of  a plant 
or  animal  or  something  peculiar  about  its  habits. 

The  mere  naming  of  things,  however,  ceased  to  satisfy 
man  when  he  began  to  think  about  the  world  in  which  he 
lived.  As  he  studied  his  environment,  he  discovered  so  many 
things  about  it  that  he  found  it  necessary  to  devise  some 
sort  of  system  of  grouping  together  objects,  and  forces,  and 
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phenomena  which  possessed  certain  common  characteristics. 
In  his  effort  to  systematize  Nature,  that  is,  to  find  methods 
of  classifying  or  arranging  various  things  into  groups,  man 
found  it  necessary  to  make  a more  and  more  detailed  study 
of  the  characteristics  of  things.  He  thus  learned  more  and 
more  about  the  objects  of  his  environment. 

Efforts  to  group  organisms  having  similar  characteristics, 
that  is,  to  classify  living  things,  began  a long  time  ago. 
At  first,  the  scientist  was  interested  primarily  in  grouping 
living  things  so  that  they  could  be  conveniently  arranged, 
described,  and  catalogued.  One  of  the  earliest  attempts  to 
classify  living  things  was  made  by  the  great  Greek  thinker, 
Aristotle.  He  divided  animals  into  two  groups,  those  with 
red  blood  and  those  without.  Each  of  these  groups  was 
further  divided.  The  red-blooded  group  was  divided  into 

(1)  mammals — beasts  which  bring  forth  their  young  alive; 

(2)  birds;  (3)  four-footed,  or  creeping,  things  which  lay  eggs; 
and  (4)  fishes.  The  group  without  red  blood  was  divided 
into  (1)  animals  with  soft  bodies,  such  as  the  octopus; 
(2)  animals  with  soft  shells  and  jointed  bodies  and  limbs, 
such  as  lobsters  and  crabs;  (3)  insects;  (4)  animals  with  hard, 
outer  shells,  such  as  the  oyster;  and  (5)  animals  resembling 
plants,  such  as  sponges  and  sea-anemones. 

Since  these  early  attempts  to  classify  living  things,  many 
different  systems  have  been  proposed.  All  of  them  but  one, 
the  Linnxan  System,  have  been  discarded.  The  Linnaean 
System,  as  you  will  see  when  you  study  this  unit,  has  all  of 
the  advantages  of  the  other  systems;  that  is,  it  is  convenient 
and  eliminates  all  confusion.  At  the  same  time,  it  takes 
into  account  the  relationship,  or  kinship,  of  the  various  ani- 
mals. Since  it  is  based  on  kinship,  the  classification  is  natural 
rather  than  artificial.  For  example,  foxes,  wolves,  and 
jackals  are  grouped  into  the  same  family  because  they  have 
a blood  relationship  with  each  other.  It  is  believed  that 
sometime  in  the  past  a species  of  animal  existed  from  which 
the  fox,  wolf,  and  jackal  descended.  In  other  words,  these 
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animals  have  a common  ancestor.  How  this  relationship 
has  been  traced  and  why  man  believes  that  our  present  forms 
of  life  are  the  result  of  changes  which  have  taken  place 
from  generation  to  generation  you  will  learn  in  this  unit. 

Through  the  study  of  living  things  and  their  classification 
into  groups  man  has  learned  many  things  which  have  helped 
him  to  understand  the  world  in  which  we  live.  He  has  also 
learned  much  about  how  the  different  forms  of  life  have 
developed.  In  a practical  way  this  knowledge  has  been 


Fig.  223.  Here  are  some  members  of  the  gourd  family.  Probably  you 
would  not  have  thought  that  the  muskmelon  and  the  cucumber  are 
related,  but  botanists  know  that  they  belong  to  the  same  family. 


extremely  valuable.  How  do  you  suppose  that  a knowledge 
of  the  kinship  of  living  things  has  helped  man? 

In  the  problems  of  this  unit  the  common  everyday  ways 
of  classifying  living  things  will  be  compared  with  the  methods 
employed  by  biologists — the  trained  students  of  plant  and 
animal  life.  A few  specific  plants  and  animals  selected  from 
the  higher  and  lower  groups  will  be  studied  in  detail.  This 
will  give  you  a basis  for  comparing  and  classifying  living 
things  in  accordance  with  their  structures  and  functions. 
You  will  have  opportunities  of  discovering  for  yourself  why 
it  is  possible  to  group  living  things,  and  the  benefits  that 
are  gained  through  these  scientific  groupings. 
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Problem  1 : Why  Does  Man  Classify  Living  Things 
into  Groups? 

How  have  plants  and  animals  received  their  common 
names?  Man  has  always  depended  upon  plants  and  ani- 
mals for  food,  clothing,  and  shelter,  and  it  is  likely  that 
even  in  primitive  times  he 
found  ways  of  naming  and 
sorting  living  things.  He 
learned  by  experience  that 
some  plants  and  animals 
were  good  for  food,  while 
others  were  unfit  to  eat.  He 
also  found  that  some  ani- 
mals were  harmless,  while 
others  were  savage  and 
should  be  avoided. 

As  man  became  more 
highly  civilized,  he  found 
more  and  more  uses  for  the 
plants  and  animals  that 
surrounded  him.  Through 
using  living  things  he  learned 
to  know  them  and  name 
them.  Long  before  he  could 
read  or  write,  man  proba- 
bly had  devised  names  for 
many  things.  The  methods  employed  by  the  American  In- 
dians in  naming  persons,  places,  rivers,  lakes,  mountains, 
trees,  birds,  animals,  and  other  things  well  illustrate  the  desire 
of  primitive  man  to  name  things.  With  the  Indians,  as  you 
know,  the  name  given  to  a person,  thing,  or  place  was  generally 
a descriptive  one.  For  example,  the  great  river  that  flowed 
through  his  country  was  called  the  Mississippi — Father  of 
Waters.  Although  many  of  the  names  were  long,  awkward,  and 
haphazard,  they  served  the  purpose  of  the  red  man  well. 

Long  before  scientific  names  were  thought  of,  thousands 
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of  plants  and  animals  had  been  given  common  names.  How 
these  common  names  originated  would  be  a fascinating 
study.  For  your  interest  and  to  illustrate  the  common  or 
popular  way  of  naming  plants  the  following  list  is  included. 

As  you  read  this  list,  note  that 
some  characteristic  of  the  plant, 
such  as  its  shape,  size,  color, 
or  use,  is  singled  out  and  used 
as  part  of  its  common  name. 

Size.  Giant  redwood,  great  In- 
dian plantain,  dwarf  cornel 

Shape  of  Fruit.  Kidney  bean, 
sheep-nose  apple,  ox-heart  cherry, 
crook-neck  squash 

Color.  Redroot,  snowberry,  blue- 
berry, blackberry 

Odor.  Skunk  cabbage,  sweet 
pea,  stinkhorn,  sweetbrier 
Taste.  Sugar  plum,  sour  gum,  bittersweet,  honey  dew 
Touch.  Velvet  leaf,  prickly  ash,  touch-me-not,  rosinweed 
Part  of  an  Animal's  Body.  Lion’s  foot,  squirrel  tail,  ox-eye 
daisy,  crane’s  bill 

Texture  of  Wood.  Hard  maple,  soft  maple,  ironwood 
Medicinal  Use.  Self-heal,  boneset,  heart’s-ease,  balm-of-Gilead 
Length  of  Life.  Dayflower,  century  plant,  everlasting 
Habitat.  Sand  cherry,  river  maple,  mountain  ash,  pond  lily 
Habit.  Spreading  dogbane,  trailing  arbutus,  climbing  rose 
Time  of  Blossoming.  May  apple,  morning-glory,  spring  beauty 
Time  of  Fruiting.  June  berry,  summer  haw,  fall  pippin 
Indian  Name.  Squash,  hickory,  kinnikinnick 

Heavenly  Bodies.  Star-grass,  sundew,  moonflower,  Venus’s 
looking-glass 

The  names  of  the  oak  trees  in  the  following  list  will  sug- 
gest how  they  were  named:  Barren,  basket,  bear,  black, 
black  jack,  black  scrub,  bur,  chestnut,  cow,  fern,  gray, 
iron,  Jerusalem,  laurel,  live,  mossy-cup,  over-cup,  pin,  post, 
red,  scarlet,  shingle,  Spanish,  swamp-post,  swamp-Spanish, 


Fig.  225.  From  its  claw- 
shaped leaf  the  bird’s-foot 
violet  gets  its  common  name.  ' 
(L.  W.  Brownell  photo.) 
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swamp-white,  water,  white,  willow,  yellow,  yellow  basket. 
If  you  examine  a list  of  the  common  names  of  insects,  fish, 
reptiles,  birds,  and  mammals,  you  will  probably  see  that 
they  have  received  their  names  in  a manner  similar  to  that 
of  the  plants. 

You  are  also  familiar 
with  the  fact  that  man 
has  grouped  together  liv- 
ing things  which  are  sim- 
ilar in  shape,  habitat,  use, 
length  of  life,  habits,  and 
other  characteristics.  For 
example,  read  the  follow- 
ing lists  and  note  the  ways 
which  man  has  used  to 
classify  living  things  into 
groups. 

Plant  Groups 


Fig.  226.  The  tufts,  or  tussocks,  of 
hair  give  the  tussock  caterpillar  its 
name.  (G.  T.  Hillman  photo.) 


herbaceous 

grain 

thicket 

jungle 

medicinal 

woody 

fruit 

field 

desert 

ornamental 

evergreen 

vegetable 

pasture 

alpine 

weed 

hardy 

forest 

forage 

aquatic 

flower 

annual 

meadow 

orchard 

tropical 

tree 

biennial 

bog 

vineyard 

edible 

shrub 

perennial 

swamp 

prairie 

textile 

vine 

Animal  Groups 

carnivorous 

burrowing 

wild 

shore 

pests 

herbivorous 

migratory 

swimming 

fowl 

farm 

omnivorous 

hibernating 

floating 

game 

livestock 

land 

nocturnal 

marine 

warm-blooded 

water 

diurnal 

wading 

cold-blooded 

arboreal 

domesticated 

shellfish 

fur-bearing 

Why  are  objects  grouped?  Grouping  objects  which  have 
certain  characteristics  in  common  and  assigning  a name  to 
stand  for  all  the  objects  of  that  group  are  of  great  advantage 
to  man.  For  example,  if  someone  tells  you  that  he  wants 
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you  to  look  at  the  chairs  in  a room,  you  can  immediately 
pick  out  the  chairs  from  the  other  objects.  “Chair”  is  a 
name  assigned  to  furniture  which  possesses  certain  charac- 
teristic features.  Beds,  tables,  davenports,  and  bookcases 

cannot  be  classified  as  chairs 
because  they  do  not  possess  the 
essential  features  of  this  class 
of  objects.  If  there  were  no 
name  for  the  objects  known  as 
“chairs,”  a person  would  have 
to  describe  the  object  minutely 
before  you  would  have  an  idea 
of  what  it  was.  Imagine  how 
difficult  it  would  be  to  think 
about  an  object,  such  as  a chair, 
if  you  had  no  name  for  it. 
Words  which  stand  for  groups 
of  objects  resembling  each  other 
thus  help  us  in  our  thinking. 

The  library  is  another  illus- 
tration of  the  advantage  that 
results  from  organization  and 
classification.  Books  that  deal 
with  the  same  subject-matter 
are  placed  together.  If  books 
were  placed  on  the  shelves  ac- 
cording to  their  color,  size,  or  shape,  there  would  be  confusion 
in  trying  to  use  them.  For  the  convenience  of  the  librarian 
and  the  reader,  the  books  are  carefully  classified  and  cata- 
logued according  to  content.  If  you  wish  to  consult  a certain 
author  or  to  find  material  concerning  a certain  subject,  the 
desired  information  may  be  found  in  the  card  catalogue. 
Through  classification  the  books  are  arranged  in  an  orderly 
fashion,  that  is,  in  accordance  with  some  plan  of  organization. 
Knowing  this  plan  of  organization  enables  us  to  find  the 
book  we  wish  in  the  shortest  possible  time. 


Fig.  227.  By  what  name  is  the 
common  ragweed  known  in  your 
locality?  (L.  W.  Brownell  photo.) 
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And  now  that  we  understand  some  of  the  reasons  why 
classification  is  necessary,  let  us  turn  to  the  classification 
of  living  things.  The  common  method  of  naming  and 
classifying  living  things  has  resulted  in  great  confusion.  A 
given  plant  or  animal  may  have  sev- 
eral common  names,  or  a number  of 
different  plants  or  animals  may  have 
the  same  common  name  in  different 
parts  of  the  world.  For  example,  the 
sycamore  that  we  know  is  an  entirely 
different  tree  from  the  sycamore  of 
the  Old  World.  The  common  rag- 
weed (Figure  348)  is  known  as  Roman 
wormwood,  bitterweed,  wild  tansy, 
hayweed,  hogweed,  carrotwood,  and 
stammerwort  in  as  many  different 
parts  of  the  country.  The  flicker  is 
known  by  a dozen  different  names, 
such  as  golden-winged  woodpecker, 
yellow  hammer,  high-holer,  and 
northern  flicker.  Since  common  Fig.  228.  What  name  do 

names  differ  so  widely,  it  is  evident  “senfor  thf,  fl!cker; 

J . . (L.  W.  Brownell  photo.) 

that  they  are  useless  to  the  scientist 

who  is  attempting  to  describe  exactly  all  forms  of  life  and  to 
classify  them  into  groups. 

A universal  and  accurate  system  of  naming  living  things 
is  necessary  from  another  standpoint.  Scientists  from  all 
over  the  world,  speaking  many  different  languages,  are 
constantly  discovering  new  types  of  living  things.  In  order 
that  they  may  know  of  the  discoveries  of  others  and  be 
able  to  share  their  discoveries  with  them,  some  method  of 
classification  must  be  decided  upon.  Without  some  uni- 
versally recognized  system  of  classification  the  names  and 
descriptions  of  all  of  the  hundreds  of  thousands  of  kinds  of 
plants  and  animals  would  have  to  be  placed  in  a long  list. 
Imagine  how  difficult  it  would  be  to  read  through  this  entire 
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list  to  find  out  if  someone  had  already  discovered  a plant  or 
animal  like  the  one  you  had  just  found.  Yet  this  would  be 
necessary  without  a universal  system  of  classification. 

The  necessity  for  some  method  of  classification  has  been 
apparent  to  biologists  for  hundreds, 
if  not  thousands,  of  years.  The  his- 
tory of  the  many  schemes  which 
have  been  tried  and  discarded  when 
they  failed  to  bring  into  a single 
system  all  of  the  hundreds  of  thou- 
sands of  living  things  is  a fascinat- 
ing story.  The  system  which  finally 
survived  is  called  the  Linnaean  Sys- 
tem, after  its  founder,  Karl  von 
Linne,  a great  Swedish  naturalist 
of  about  two  hundred  years  ago. 
In  a most  important  work  called 
Systema  Naturae,  which  appeared 
first  in  the  year  1735,  he  outlined 
his  system  of  classifying  and  nam- 
ing living  things.  His  classification  was  based  on  kinship 
and  on  differences  and  likenesses  in  structure  rather  than 
on  external  appearance  or  habits,  such  as  had  been  followed 
in  the  earlier  schemes.  How  this  method  of  classification  is 
used  you  will  discover  in  the  next  problem. 

Suggested  Activity.  Obtain  as  many  kinds  of  seeds  as  you 
can,  and  work  out  a scheme  for  classifying  them.  For  example,  one 
basis  of  classification  is  color;  another  is  shape.  If  you  will  examine 
each  seed  carefully,  you  will  find  many  different  characteristics 
which  may  be  used  to  distinguish  it  from  other  seeds.  Plants  are 
commonly  identified  by  means  of  a key.  If  you  will  consult  a plant 
key,  you  will  see  how  such  keys  are  made. 

It  would  be  interesting  to  construct  a key  for  the  seeds  which 
you  have  gathered,  so  that  another  person  would  be  able  to  identify 
each  seed.  To  make  a key,  first  decide  on  some  one  characteristic 
which  will  divide  all  seeds  into  two  classes.  For  example,  color 
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might  be  used.  Then  divide  the  seeds  into  different  piles  on  the 
basis  of  color.  This  will  give  you  the  first  step  in  the  key,  which 
will  read  somewhat  as  follows: 

1.  Seed  yellow 

1.  Seed  light  brown 

1.  Seed  dark  brown 
1.  Seed  white 

It  is  then  necessary  to  select  some  characteristic,  such  as  size,  to 
distinguish  the  different  seeds  of  each  color.  For  example,  the  seeds 
may  be  grouped  into  those  less  than  34  inch  in  length,  those  between 
34  and  34  inch  in  length,  and  those  more  than  34  inch  in  length. 
This  is  added  to  the  key.  Then  another  characteristic  is  chosen, 
for  example,  shape,  such  as  round,  rectangular,  triangular,  or  oval. 
These  are  also  added  to  the  key.  The  key  is  now  as  follows: 

1.  Seed  yellow  ( 2 ) 

1.  Seed  light  brown 
1.  Seed  dark  brown 
1.  Seed  white 

2.  Seed  less  than  34  inch  in  length  (3) 

2.  Seed  between  34  and  34  inch  in  length 

2.  Seed  more  than  34  inch  in  length 

3.  Seed  round  ( 4 ) 

3.  Seed  rectangular 

3.  Seed  triangular 
3.  Seed  oval 

This,  of  course,  is  not  a complete  key,  but  it  indicates  how  a key 
is  made.  A person  using  the  key,  for  example,  would  look  at  the 
first  series  of  choices  (1).  He  would  see  that  the  seed  was  yellow. 
The  number  (2)  after  the  yellow  seed  would  refer  him  to  the  next 
characteristic.  He  would  then  have  three  choices  as  to  the  size 
of  the  seed.  If  it  was  less  than  34  inch  in  length,  he  would  go  to 
number  (3),  where  he  would  have  four  choices.  This  analysis  of 
characteristics  continues  until  some  characteristic  is  reached  which, 
together  with  all  of  the  preceding  characteristics,  exactly  describes 
one  kind  of  seed,  and  no  other.  Your  teacher  will  show  you  how  to 
complete  the  key.  To  test  the  value  of  your  key,  give  it  to  another 
pupil  and  see  if  he  can  identify  the  seeds  in  your  collection. 

Self-testing  exercise  1.  Summarize  the  reasons  for  the  neces- 
sity of  classifving  living  things. 
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Problem  2:  How  Do  Scientists  Classify  Animals? 

Study  Suggestion.  In  the  preceding  units  you  have  studied 
the  different  life  processes  and  activities  of  living  things  in  a 
general  way.  You  have  discovered  that  there  are  certain  processes 
and  activities  which  all  living  things  must  carry  on  in  order  to 
live.  This  problem  will  concern  itself  with 
the  differences  existing  in  animals.  Through 
a study  of  these  differences  you  will  see 
how  it  is  possible  for  man  to  classify  animals. 

To  answer  this  problem  completely,  it 
would  be  necessary  to  study  an  example  of 
each  of  the  different  types  of  animals.  Since 
this  is  impossible,  owing  to  the  large  num- 
ber of  types,  we  shall  do  the  next  best 
thing:  We  shall  study  a few  animals  in 
detail  and  discover  the  differences  which 
can  be  used  as  a basis  for  classification. 
The  aim  of  this  problem,  therefore,  is  not 
to  develop  the  ability  to  describe  in  detail  each  of  the  animals 
presented,  but  rather  to  get  an  understanding  of  the  method 
employed  by  the  scientists  to  classify  living  things. 

What  are  the  evidences  of  kinship  between  the  grass- 
hopper and  the  crayfish?  The  first  animal  that  we  shall 
describe  in  answer  to  our  problem,  “How  do  scientists  clas- 
sify animals?”  is  the  grasshopper.  If  you  will  press  the 
outer  surface  of  the  body  of  a grasshopper,  you  will  discover 
that  it  is  fairly  hard.  This  hard,  horny  material  is  called 
chitin,  and  the  entire  outer  covering,  or  exo-skeleton  as  it  is 
called,  protects  the  inner  organs  from  injury.  Owing  to 
the  hardness  of  this  outer  skeleton,  the  grasshopper  must 
moult,  that  is,  shed  its  skin  several  times  while  it  is  growing 
to  maturity. 

The  body  of  the  grasshopper  consists  of  three  easily  dis- 
tinguishable parts,  the  head,  thorax,  and  abdomen  (Figure 
231).  Closer  examination  shows  that  the  body  is  further 
divided  into  a series  of  segments,  or  somites.  The  somites 
in  the  abdomen  are  plainly  visible.  Those  in  the  thorax 
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Fig.  230. 
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and  head  are  not  easily  seen  because  they  have  been  fused 
together  or  otherwise  altered. 

Examination  of  the  head  shows  several  pairs  of  append- 
ages (parts  joined  to  the  main  divisions  of  the  body),  each 
of  which  has  several 
joints  (Figure  230). 

The  antennae  are  used 
as  organs  of  touch, 
and  also  contain  the 
organs  of  smell.  The 
mandibles  move  from 
side  to  side  and  are 
used  to  cut  and  chew 
the  food.  Th e maxillae 
are  used  to  guide  and 
hold  the  food.  On 
each  side  of  the  head 
is  a large,  compound 
eye.  This  eye  is  com- 
posed of  a number  of 
facets  arranged  in  the 
form  of  a mosaic.  This  arrangement  enables  the  grass- 
hopper to  see  in  all  directions.  Strange  to  say,  the  animal 
also  possesses  simple  eyes,  which  are  arranged  in  a triangle 
in  the  front  of  the  head. 

The  thorax  bears  three  pairs  of  legs,  each  of  which  is 
divided  into  several  parts.  In  addition  to  legs,  the  grass- 
hopper is  also  provided  with  two  pairs  of  wings.  These  wings 
differ  from  the  legs  in  that  they  are  not  jointed.  The  abdo- 
men consists  of  ten  somites,  the  first  of  which  is  much  larger 
than  the  others.  On  either  side  of  this  somite  there  is  a 
fairly  large  oval  spot  consisting  of  a tightly  stretched  skin 
across  a small  depression.  This  apparatus  is  connected  by 
a nerve  to  the  central  nervous  system;  it  is  the  grasshopper’s 
ear.  It  is  able  to  respond  to  vibrations  in  the  air,  and  thus 
serves  as  an  organ  of  hearing. 


Fig.  231.  External  view  of  the  grasshopper. 
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And  now  let  us  turn  to  the  internal  anatomy  of  the  grass- 
hopper. The  digestive  system  consists  of  a long  tube,  the 
alimentary  canal,  which  runs  nearly  straight  through  the 
body  from  the  anterior  to  the  posterior  end  (Figure  232). 
The  alimentary  canal  is  divided  into  several  parts:  the 
mouth,  esophagus,  crop,  gizzard,  stomach,  and  intestines. 
Observe,  however,  that  the  intestines  of  the  grasshopper 
are  only  slightly  coiled;  they  are  thus  markedly  different 
from  the  intestines  of  man. 

The  food  absorbed  by  the  digestive  tract  passes  into  the 
blood.  The  blood,  however,  does  not  flow  in  definite  ves- 


Fig.  232.  Internal  structure  of  the  grasshopper. 


sels,  but  passes  through  the  spaces  between  the  organs  (the 
sinuses ).  This  blood  finally  flows  into  a closed  tube  and 
enters  the  heart.  The  heart  is  a long,  tubular  vessel  located 
in  the  dorsal  part  of  the  body.  (The  dorsal  part  is  the  part 
nearest  the  back  of  the  animal.)  It  contains  several  valves, 
which  make  it  possible  for  the  blood  to  flow  in  but  one  di- 
rection: from  the  posterior  to  the  anterior  end.  The  heart 
pulsates  and  drives  the  blood  to  the  anterior  part  of  the 
body,  where  it  passes  into  the  body  cavity  and  then  returns 
to  the  heart  at  the  posterior  end. 

Respiration  is  accomplished  by  a system  of  air  pipes, 
the  trachese  (see  page  95).  These  tracheae  extend  to  all  parts 
of  the  body  and  are  connected  with  several  air  sacs.  The 
tracheae  are  always  open,  so  that  a constant  circulation  of 


HOW  LIVING  THINGS  ARE  CLASSIFIED 


271 


air  through  the  body  is  secured.  Excretion  of  carbon  diox- 
ide takes  place  through  the  tracheae.  Water  and  nitrogenous 
wastes  are  excreted  by  the  Malpighian  tubes , which  extend 
through  the  body  and  pour  these  waste  materials  into  the 
intestines. 

The  nervous  system  con- 
sists of  two  large  ganglia 
located  in  the  head,  known 
as  the  brain  of  the  animal, 
and  a chain  of  ganglia  rest- 
ing on  the  ventral  (lower) 
surface  of  the  body  cav- 
ity. These  ganglia  contain 
the  nerve-cell  bodies  from 
which  nerves  are  given  off 
to  various  parts  of  the 
body.  All  of  the  muscles 
of  the  body  are  supplied 
with  nerves.  When  these 
muscles  are  stimulated  by 
impulses  from  the  nerves, 
they  contract,  causing 
movement  of  the  body. 

And  now  let  us  turn  to 
a description  of  the  cray- 
fish, an  animal  which  you  probably  believe  to  be  quite  differ- 
ent from  the  grasshopper.  First,  let  us  consider  its  external 
structure.  Its  body  is  covered  with  a hard  exo-skeleton, 
differing  from  that  of  the  grasshopper  in  that  it  contains 
lime.  As  in  the  case  of  the  grasshopper,  this  exo-skeleton 
is  moulted  several  times  during  the  life  of  the  animal.  The 
body  of  the  crayfish  is  divided  into  two  general  regions, 
the  cephalo-thorax  (the  head  and  thorax  are  fused  into  one 
piece)  and  the  abdomen,  which  consists  of  seven  movable 
segments.  The  head  has  several  pairs  of  appendages,  the 
antennae,  the  antennules,  the  mandibles,  and  two  pairs  of 
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maxillae.  Attached  to  the  thorax  are  three  pairs  of  maxilli- 
peds,  which  aid  in  holding  and  chewing  food,  and  a pair  of 
large  claws  used  for  defense  and  food-getting.  There  are 
also  four  pairs  of  appendages  used  mainly  for  walking.  On 
the  abdomen  are  five  pairs  of  swimmerets.  The  sixth  and 
seventh  segments  are  united  to  form  a powerful  flipper 
which  is  used  to  propel  the  animal  backward  in  the  water. 
All  of  the  appendages  are  jointed. 

Turning  to  the  internal  anatomy  of  the  crayfish,  we  note 
the  long,  fairly  straight  alimentary  canal,  similar  to  that 
of  the  grasshopper.  The  heart  is  located  on  the  dorsal  surface 


Fig.  234.  Internal  structure  of  the  crayfish. 


and  drives  the  blood  into  the  arteries,  capillaries,  and  sinuses. 
Respiration  is  accomplished  by  means  of  gills.  The  nervous 
system  consists  of  a chain  of  ganglia  resting  on  the  ventral 
surface  of  the  animal. 

If  we  compare  the  grasshopper  with  the  crayfish,  we  find 
several  likenesses.  In  each  animal  the  body  is  segmented 
and  divided  into  three  regions.  The  appendages  are  jointed. 
The  nervous  system  consists  of  a chain  of  ganglia  resting 
on  the  ventral  surface.  The  heart  is  located  on  the  dorsal 
surface.  The  digestive  tract  extends  from  the  anterior  end 
to  the  posterior  end,  and  is  nearly  a straight  tube.  The  body 
is  covered  with  a hard  exo-skeleton  which  must  be  shed  at 
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frequent  intervals.  It  is  thus  evident  that  the  two  animals 
are  built  upon  the  same  plan.  Because  of  this  similarity  of 
structure,  scientists  believe  that  at  some  time  in  the  remote 
past  the  crayfish  and  the  grasshopper  had  a common  an- 
cestor; that  is,  they  are  descended  from  the  same  stock. 

Suggested  Activity.  Capture  and  chloroform  some  large  grass- 
hoppers. (To  what  part  of  the  body  will  you  apply  the  anaesthetic?) 
Dissect  one  of  your  specimens  to  observe  the  parts  of  the  animal. 
You  might  also  prepare  a large  drawing  of  the  grasshopper  to  show 
its  external  parts. 


Fig.  235."  With  its  antennae,  segmented  body,  and  jointed  legs  this 
centipede  is  clearly  a member  of  the  phylum  Arthropoda.  (G.  T. 
Hillman  photo.) 


How  does  kinship  determine  the  method  of  classification 
of  living  things?  Because  of  the  kinship  of  the  grasshopper 
and  the  crayfish,  scientists  have  placed  them  in  the  same 
great  group,  or  phylum.  The  phylum  to  which  they  belong 
is  called  Arthropoda , which  is  derived  from  two  Greek  words: 
“arthron,”  a joint,  and  “pous,”  a foot.  All  of  the  animals 
which  have  jointed,  or  hinged,  appendages  are  placed  in  this 
phylum.  There  are  also  other  characteristics,  as  we  have 
seen,  which  are  common  to  all  members  of  this  group.  The 
phylum  includes  such  animals  as  the  lobster,  crab,  prawn, 
barnacle,  honeybee,  centipede,  and  spider.  These  animals 
are  built  on  the  same  general  plan  as  the  grasshopper  and  the 
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crayfish.  All  animals  which  possess  these  general  character- 
istics belong  to  the  phylum  Arthropoda. 

It  is  not  sufficient,  however,  for  purposes  of  classification, 
to  stop  with  the  grouping  of  animals  into  phyla.  It  is  evi- 
dent that  there  are  cer- 
tain characteristics  which 
may  be  used  to  distinguish 
the  grasshopper  from  the 
crayfish.  Let  us  now,  there- 
fore, consider  the  differ- 
ences in  these  two  animals. 
The  hardness  of  the  exo- 
skeleton of  the  grasshopper 
is  caused  by  the  presence 
of  chitin ; that  of  the  cray- 
fish is  caused  by  lime  and 
chitin.  The  body  of  the 
grasshopper  is  divided  into 
three  distinct  regions:  the 
head,  thorax,  and  abdo- 
men. In  the  crayfish  the  head  and  thorax  are  fused 
into  one  immovable  piece.  The  grasshopper  has  one  pair 
of  antennae;  the  crayfish  has  two  pairs.  The  grasshop- 
per has  three  pairs  of  legs;  the  crayfish  has  four  pairs. 
The  crayfish  breathes  by  means  of  gills;  the  grasshopper  by 
means  of  tracheae. 

These  differences  may  be  used  to  make  a further  classifica- 
tion of  the  two  animals.  This  next  division  is  called  the 
class.  Grasshoppers  belong  to  the  class  Insecta;  the  crayfish 
are  members  of  the  class  Crustacea.  The  members  of  the 
class  Crustacea,  which  includes  the  crayfish,  lobster,  cyclops, 
sow  bug,  and  the  crab,  breathe  by  means  of  gills  and  have 
two  pairs  of  antennae.  The  members  of  the  class  Insecta 
possess  tracheae,  one  pair  of  antennae,  and  three  pairs  of 
legs.  These  differences  are  sufficient  to  place  them  in  differ- 
ent classes. 


Fig.  236.  This  tiny  creature,  the  fairy 
shrimp,  is  only  about  one-quarter  inch 
long,  yet  it  has  all  the  characteristic 
structures  of  the  phylum  Arthropoda 
that  are  shown  by  its  larger  relatives, 
the  crayfish  and  the  lobster.  (G.  T. 

Hillman  photo.) 
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Suggested  Activity.  Prepare  a drawing  of  a crayfish  and  of 
a grasshopper,  and  label  the  various  external  parts.  Your  draw- 
ings of  the  grasshopper  and  crayfish  will  aid  you  in  comparing 
them. 

If  we  examine  certain  other  animals,  such  as  flies,  butter- 
flies, moths,  bees,  wasps,  and  ants,  we  find  that  they  have 
jointed  appendages  and 
hence  belong  to  the  phylum 
Arthropoda.  But  they 
also  possess  tracheae,  one 
pair  of  antennae,  and  three 
pairs  of  legs;  therefore, 
they  are  all  classed  as  in- 
sects. It  is  evident  that 
the  insects  named  above 
are  more  nearly  like  each 
other  than  they  are  like 
the  crayfish.  Since  the 
differences  among  insects 
are  fewer  than  the  differ- 
ences between  insects  and 
crustaceans,  the  common  ancestor  of  insects  must  have  ex- 
isted at  a much  later  period  than  the  common  ancestor  of 
both.  Insects,  although  in  the  far  past  closely  related  to 
the  crustaceans,  are  now  more  nearly  related  to  each  other. 

As  you  already  know,  flies  possess  certain  characteristics 
different  from  those  of  the  butterflies.  There  are  also  dif- 
ferences between  bees,  ants,  and  grasshoppers.  It  is  thus 
possible  further  to  classify  insects  into  another  series  of 
groups  called  orders.  Differences  in  the  structure  of  the 
wings  are  used  as  a basis  for  distinguishing  the  different 
orders.  Some  of  the  orders  of  insects  are  as  follows: 

Order  Hymenoptera  ( membranous  wings).  Order  Hymen- 
optera  includes  the  ants,  bees,  and  wasps.  Four,  similar, 
membranous  wings  are  present,  of  which  the  front  pair 
is  the  larger  (Figure  237). 
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Order  Lepidoptera  ( scale  wings).  This  order  includes  moths 
and  butterflies.  The  wings  are  covered  with  scales. 

Order  Orthoptera  {straight  wings).  Among  the  Orthoptera 
are  the  grasshoppers,  locusts,  and  crickets.  All  wings  are 
net- veined;  the  fore  wings  are  of  firmer  texture  than  the 
hind  wings,  which  are  folded  fan-wise  beneath  them. 

Order  Diptera  {two  wings).  Order  Diptera  includes  flies 
and  mosquitoes.  The  fore  wings  are  developed,  and  the 
hind  wings  are  reduced  to  stalked  knobs. 


Fig.  238.  Typical  representatives  of  some  of  the  insect  orders. 


Order  Hemiptera  {half  wings).  This  order  includes  bugs, 
lice,  and  plant  lice.  These  insects  may  or  may  not  have 
wings.  They  all  have  piercing  and  sucking  mouth  parts. 

Order  Coleoptera  {sheath  wings).  Order  Coleoptera  includes 
the  beetles.  Beetles  have  a pair  of  hardened  wings  meeting 
in  the  middle  of  the  back  and  covering  a second  pair  of  wings. 

As  an  example  of  further  classification,  let  us  consider  the 
order  Orthoptera.  This  order  includes  the  cockroaches, 
the  praying  mantis,  the  walking  stick,  locusts,  grasshoppers, 
and  crickets.  But  these  insects  differ  from  each  other  in 
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several  respects.  On  the  basis  of  these  differences,  these 
insects  are  classified  into  families.  For  example,  the  family 
Blattidx  includes  those  members  of  this  order  which  have 
flat  bodies,  oval  in  appearance  when  viewed  from  above; 
which  have  three  pairs  of  legs  similar  in  form;  and  which  run 
very  rapidly.  The  cockroach  is  one  member  of  this  family. 

The  members  of  the  family  Acrididse  have  hind  legs  which 
are  much  stouter  or  longer  than  the  middle  pair  and  are 
fitted  for  jumping;  the  antennae  are  shorter  than  the  body; 
the  ovipositor  of  the  female  is  short  and  composed  of  four 


Fig.  239.  From  left  to  right  in  this  picture  are  shown  the  red-legged 
locust,  the  Rocky-Mountain  locust,  and  the  Carolina  locust. 


separate  plates.  You  probably  have  seen  the  common 
red-legged  locust,  the  Rocky-Mountain  locust,  and  the 
Carolina  locust,  which  belong  to  this  family  (Figure  239). 

Since  there  are  different  kinds  of  locusts,  it  is  evident  that 
a further  classification  must  be  made.  The  locusts  that  were 
mentioned  in  the  preceding  paragraph  are  slightly  different 
from  each  other;  therefore  they  are  further  sub-divided  into 
genera.  (“Genera”  is  the  plural  of  genus.)  Furthermore, 
each  genus  may  contain  one  or  more  species.  For  example, 
the  genus  Melanoplus  includes  both  the  red-legged  locust 
and  the  Rocky-Mountain  locust.  They  are  similar  in  all 
respects  with  the  exception  that  the  red-legged  locust  has 
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longer  wings.  This  difference  in  the  length  of  the  wings  sepa- 
rates the  two  species.  The  red-legged  locust  is  known  as  Melan- 
oplus  femur-rubrum,  and  the  Rocky-Mountain  locust  is  known 
as  Melanoplus  spretus.  In  describing  a certain  animal,  scien- 
tists use  both  the  generic  name  and  the  specific  name.  The 

generic  name  comes  first,  and 
you  will  note  that  it  begins  with  a 
capital  letter.  The  name  of  the 
species  comes  second,  and  begins 
with  a small  letter.  The  name 
Melanoplus  spretus  can  be  ap- 
plied to  but  one  animal,  the 
Rocky-Mountain  locust.  No 
other  animal  possesses  the 
characteristics  of  this  particular 
genus  and  species. 

In  an  earlier  part  of  our  dis- 
cussion we  learned  that  a phylum 
is  composed  of  animals  having 
a common  ancestor  at  some  very 
remote  time.  Members  of  a 
given  class,  however,  resemble 
each  other  more  closely  than  they  do  the  members  of  another 
class  in  the  same  phylum.  It  is  therefore  believed  that  the 
common  ancestor  of  a class  must  have  existed  at  a much 
later  period  than  the  common  ancestor  of  the  phylum.  If 
we  follow  this  reasoning  through  the  orders,  families,  and 
genera,  it  is  evident  that  the  further  down  we  proceed  in  the 
system  of  classification,  the  closer  is  the  kinship.  The  com- 
mon ancestor  of  the  members  of  a given  genus  thus  existed  in 
comparatively  recent  times. 

So  far  we  have  considered  the  main  divisions  made  by 
zoologists  for  the  classification  of  animals.  In  actual  prac- 
tice it  has  been  found  necessary  to  divide  some  of  the  divi- 
sions into  sub-divisions.  To  show  how  complex  this  classi- 
fication is,  let  us  examine  the  classification  of  the  Southern 
Hudsonian  red  squirrel  (Figure  240),  set  out  on  the  next  page. 


Fig.  240.  This  is  the  little  fellow 
whose  ponderous  family  history 
is  given  on  page  279. 
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Kingdom — Animal 

Sub-kingdom — Metazoa  (multicellular  organisms) 

Phylum — Chordata  (the  chordates) 

Sub-phylum — Craniata  (the  vertebrates) 

Class — Mammalia  (the  mammals) 

Sub-class — Eutheria  (viviparous  mammals) 

Division — Monodelphia  (placental  mammals) 

Section — Unguiculata  (clawed  mammals) 

Order — Rodentia  (the  rodents) 

Sub-order — Sciuromorpha  (squirrel-like  rodents) 

Family — Sciuridse  (woodchucks,  squirrels,  etc.) 

Sub-family — Sciurinae  (marmots,  squirrels,  chip- 
munks, etc.) 

Genus — Sciurus  (tree  squirrels) 

Sub-genus — Tamia  sciurus  (red  squirrels) 

Species — Hudsonicus  (Hudsonian  red  squirrel) 
Sub-species — Loquax  (Southern  Hudsonian  red 
squirrel) 

By  means  of  this  complex  classification  it  is  possible  to 
trace  the  degree  of  relationship  of  this  species  to  all  other 
animals.  In  referring  to  any  particular  animal,  it  is  not 
necessary,  of  course,  to  present  a classification  like  that 
just  shown.  The  genus  and  species  name  are  sufficient  to 
identify  any  particular  animal  for  one  who  is  familiar  with 
the  system  of  classification.  Many  trained  biologists  would 
find  it  difficult,  if  not  impossible,  to  trace  back  the  relation- 
ship from  the  generic  and  specific  name,  such  as  is  given 
above,  unless  they  consulted  books  of  reference. 

Suggested  Activity.  Collect,  mount,  and  classify  various 
kinds  of  insects.  Your  collection  should  contain  at  least  two 
insects  from  each  of  the  orders. 

How  is  the  kinship  of  living  things  determined?  Study 
Suggestion.  It  is  not  possible  here  to  review  all  of  the  evidence 
which  has  helped  man  to  classify  living  things.  It  is  enough 
to  see  that  the  reason  for  believing  in  the  kinships,  as  shown 
by  the  system  of  classification,  rests  upon  scientific  evidence. 

You  may  wonder  how  the  scientist  discovers  the  kinship 
pf  different  animals.  Several  methods  of  investigation  are 
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available  for  this  purpose.  One  method,  of  course,  is  to  start 
with  particular  animals.  For  example,  locusts  resemble 
each  other  so  closely  that  they  must  be  related.  They  possess 
structures  which  are  so  alike  that  it  would  be  impossible  to 
account  for  the  similarity  that  exists  except  by  blood  rela- 
tionship. Blood  relationship  means  that  some  time  in  the 
past  there  must  have  existed  an  animal,  which,  although  not 
identical  in  structure  with  the  locust  of  today,  gave  rise  to 
the  locusts  which  now  exist.  Similarly,  locusts  and  bees, 


Fig.  241.  Note  the  striking  homologies  of  structure  in  these  verte- 
brates of  such  different  habits  and  external  appearances. 


while  sufficiently  unlike  to  be  placed  in  different  orders, 
have  enough  like  characteristics  to  make  it  reasonable  to 
conclude  that  they,  too,  descended  from  a common  ancestor. 

The  closer  the  relationship,  the  greater  the  number  of  details 
in  which  the  animals  are  alike.  When  the  relationship  is  more 
remote,  only  a few  characteristics  are  common  to  both  ani- 
mals, as  was  shown  in  the  comparison  of  the  crayfish  and 
grasshopper.  The  closeness  of  relationship  is  thus  determined 
by  the  degree  to  which  the  animals  resemble  each  other. 

Comparison  of  the  various  appendages  of  the  crayfish 
and  grasshopper  has  shown  that  while  differing  somewhat 
in  external  appearance,  they  are  much  alike  in  structure. 
Likewise,  the  fore  limbs  (arms,  wings,  and  fore  feet)  of 
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all  vertebrate  animals,  although  differing  in  external  appear- 
ance, are  much  alike  in  structure.  A comparison  of  the 
fore  limbs  of  birds,  horses,  seals,  whales,  bats,  and  apes 
shows  that  the  bones  correspond  almost  bone  for  bone.  In 
the  course  of  development  through  millions  of  years,  these 
different  animals  have  proceeded  along  different  lines; 
hence,  their  external  appearance  after  ages  of  development 
in  contact  with  their  several  environments  is  somewhat 
different.  The  evidence  seems  to  warrant  the  belief,  how- 
ever, that  all  of  these  structures  arose  in  the  past  in  a similar 


Fig.  242.  In  the  very  early  stages  of  development  embryos  of  different 
vertebrates  are  difficult  to  distinguish  from  each  other. 

way.  Homologous  is  the  term  that  scientists  apply  to  struc- 
tures which  apparently  have  a common  origin.  Thus,  the 
fore  limbs  of  all  vertebrates  are  homologous. 

Other  evidence  has  been  accumulated  through  the  study 
of  the  embryos  of  animals.  In  the  very  early  stages  of 
development,  the  embryos  of  all  vertebrates  are  essentially 
alike.  Different  structures  arise  in  the  embryo  in  practi- 
cally the  same  way.  The  nervous  system,  for  example, 
begins  with  a series  of  ridges  which  are  practically  the  same 
in  all  vertebrates.  Gills  are  not  present  in  adult  reptiles, 
birds,  and  apes,  but  at  one  stage  in  the  development  of  the 
embryo,  gill  pouches  are  present.  This  production  of  gill 
pouches  in  the  embryos  of  these  animals  suggests  a definite 
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relationship.  Whether  all  of  these  animals  could  have  had  a 
common  ancestor  is  not  known,  but  the  evidence  certainly 
suggests  that  each  of  the  animals  had  an  ancestor  that  could 
live  in  water  by  breathing  through  its  gills. 

Classification  of  animals  begins  with  a careful,  detailed 
study  of  the  animal.  The  embryological  development  must 
be  studied,  as  well  as  all  of  the  details  of  its  adult  structure. 
This  investigation  results  in  a scientific  description  of  the 
animal  which  includes  a description  of  each  characteristic. 
Some  of  these  characteristics  will  be  different  from  those 
possessed  by  any  other  living  thing,  and  will  supply  the 
basis  for  distinguishing  that  living  thing  from  every  other. 
Such  a plant  or  animal  will  be  given  a specific  name;  that 
is,  it  receives  the  name  of  a certain  species.  Closely  related 
species  (that  is,  species  with  markedly  similar  structures) 
are  grouped  into  genera.  Closely  related  genera  are  grouped 
into  families.  Closely  related  families  are  grouped  into 
orders.  Closely  related  orders  are  grouped  into  classes. 
And  closely  related  classes  are  grouped  into  phyla.  Each 
phylum,  class,  order,  family,  and  genus  is  set  off  from  all 
other  groups  by  the  possession  of  certain  common  charac- 
teristics. Thus,  through  the  study  of  structures  and  the 
homology  of  these  structures,  a system  of  classification  based 
on  kinship  is  worked  out. 

What  are  the  characteristics  of  the  major  phyla  of  the 
animal  kingdom?  To  understand  more  fully  the  nature  of 
classification  and  the  characteristics  which  distinguish  one 
group  of  animals  from  another,  a brief  description  of  the 
important  phyla  of  animals,  together  with  the  common  names 
of  some  of  the  members  of  each  group,  is  given  here.  Even 
from  this  brief  description  you  will  probably  have  no  diffi- 
culty in  classifying  most  of  the  animals  of  your  acquaintance. 

Phylum  1.  Protozoa.  One-celled  animals,  such  as  amoebae, 
paramecia,  vorticella,  and  euglena. 

Phylum  2.  Porifera.  Animals  with  bodies  perforated 
by  numerous  pores,  such  as  the  sponges.  The  body  shows 
radial  symmetry.  Symmetry  means  that  the  body  may  be 
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divided  in  such  a way  that  the  two  halves  formed  by  the 
division  will  be  exactly  alike.  An  animal  shows  radial  sym- 
metry if  it  is  in  the  form  of  a cylinder  or  cone.  It  can  be  cut 
from  end  to  end  at  any  point,  and  the  two  halves  will  be  alike. 

Phylum  3.  Ccelenterata.  Radially  symmetrical  ani- 
mals with  a single  cavity  in  the  body,  with  no  anus,  and 
with  tentacles  and  stinging  cells,  such  as  the  hydra,  jelly- 
fish, sea-anemone,  and  coral.  (See  pages  85,  198,  and  207.) 

Phylum  4.  Platyhelminthes.  Creeping  animals  with 
bodies  much  flattened,  usually  a single  cavity  in  the  body, 
and  no  anus,  such  as  the  tapeworm,  and  liver  fluke.  The 
body  shows  bilateral  symmetry;  that  is,  the  parts  of  the  body 


Fig.  243.  This  curious  salt-water  creature,  the  sea-cucumber,  is  a 
member  of  the  phylum  Echinodermata.  “Echinodermata”  is  from 
two  Greek  words  meaning  “spiny-skinned  sea  animal.”  (Pinney  photo.) 


are  so  arranged  that  the  halves  on  opposite  sides  of  the  body 
are  alike.  For  example,  the  dog,  horse,  and  ape  exhibit 
bilateral  symmetry.  The  anterior  and  posterior  ends  are 
unlike;  the  dorsal  and  ventral  surfaces  are  unlike;  but  the 
two  sides  of  the  body  are  alike. 

Phylum  5.  Nemathelminthes.  Bilaterally  symmetrical 
worms  with  long  slender  bodies,  a digestive  tract,  and  both 
mouth  and  anus.  Includes  the  hookworm  and  trichina. 

Phylum  6.  Echinodermata.  Radially  symmetrical  ani- 
mals with  spiny  skins,  usually  with  five  repeated  divisions 
of  the  body,  and  with  organs  of  locomotion  operated  by  a 
water  system.  Includes  starfishes  (page  161),  sea  urchins, 
and  sea-cucumbers  (Figure  364). 
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Phylum  7 . Annelida.  Bilaterally  symmetrical  worms 
with  bodies  divided  into  segments  and  usually  with  bristles  or 
setae  for  locomotion.  Includes  the  earthworm,  the  sand- 

worm,  and  the  leech. 

Phylum  8.  Mollusca. 
Unsegmented.  Usually  a 
shell  and  a muscular 
foot.  Includes  snails, 
clams,  mussels,  and  cut- 
tie  fish. 

Phylum  9.  Arthro- 
poda.  Bilaterally  sym- 
metrical animals,  divid- 
ed into  segments,  with 
paired,  jointed  append- 
ages, and  an  exo-skele- 
ton containing  chitin. 
Includes  the  crayfish, 
the  lobster,  and  insects. 

Phylum  10.  Chordata.  Animals  possessing  either  in 
the  embryo  or  adult  stage  a cylindrical  rod  of  cells  beneath 
the  nervous  system  (a  notochord).  The  notochord  is  the 
forerunner  of  the  spinal  column  of  the  vertebrate  animals. 
This  phylum  includes  the  fishes,  amphibians,  reptiles,  birds, 
and  mammals. 

Suggested  Activity.  Make  a chart,  starting  with  the  com- 
mon ancestor  of  the  crayfish  and  grasshopper,  which  will  show 
the  relationship  of  the  different  insects.  You  can  also  look  up 
the  orders,  families,  and  genera  of  the  crustaceans  and  add  them 
to  your  chart.  Study  the  chart  on  page  293  for  suggestions. 

Suggested  Activity.  Examine  a dog,  a cat,  and  a rabbit. 
What  reasons  are  there  for  believing  that  these  animals  had  a 
common  ancestor? 

Self-testing  exercise  2.  Write  a summary  in  which  you  show 
how  the  different  divisions  used  in  the  classification  of  animals 
indicate  the  relationship  between  them. 


Fig.  244.  The  picture  shows  clearly  the 
shell,  muscular  foot,  and  head  of  the  snail. 
(Lynwood  Chace  © photo.) 
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Problem  3:  How  Do  Scientists  Classify  Plants? 

Study  Suggestion.  The  method  of  classifying  animals,  as 
explained  in  Problem  2,  is  also  used  for  the  classification  of  plants. 
We  shall,  therefore,  indicate  the  main  groups  of  plants  and  their 
characteristics  without  explanation  of  the  method  of  classifica- 
tion. From  your  study  of  this  problem  you  should  understand 
those  major  differences  in  structure  which  distinguish  the  great 
groups  of  plants. 

If  you  will  recall  some  of  the  plants  which  you  have  al- 
ready studied,  such  as  the  Pleurococcus,  bread  mold,  moss, 


Fig.  245.  Fresh-water  algae,  the  simplest  form  of  plant  life,  as  they 
appear  under  the  microscope.  (G.  T.  Hillman  photo.) 


and  lily,  you  will  readily  remember  that  these  plants  differ 
in  structure.  Since  plants  differ  in  structure,  it  is  thus  pos- 
sible to  devise  a scheme  of  classification.  Plants  are  grouped 
into  phyla,  classes,  orders,  families,  genera,  and  species  in 
the  same  manner  as  animals.  For  our  purposes,  we  shall 
consider  only  the  four  great  phyla  into  which  plants  are 
grouped. 

The  simplest  plants,  you  will  remember,  are  the  algae  and 
the  fungi.  These  plants  have  no  stems,  roots,  nor  leaves 
in  any  part  of  their  life  cycle.  They  are  thus  different 
from  all  other  plants;  they  constitute  a distinct  group.  To 
this  group,  or  phylum,  the  name  Thallophytes  has  been  given. 
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None  of  the  plants  belonging  to  this  phylum  possess  fibro- 
vascular  bundles,  nor  do  they  produce  seeds.  Algae,  as  a rule, 
are  found  growing  in  the  water.  Many  of  them  are  so  small 
that  they  can  only  be  seen  with  the  aid  of  a microscope. 
Others  reach  a length  of  a hundred  feet.  Kelps,  found  along 
the  Pacific  coast  of  our  country,  are  algae.  Earlier  in  your 
study  of  this  book  you  have  become  acquainted  with  other 
thallophytes — the  molds  and  the  mushrooms. 

A slightly  more  complex  phylum  of  plants,  the  Bryophytes , 
includes  the  mosses  and  liverworts.  In  some  external 


Fig.  246.  Polytrichum  juniperinum,  or  hair-cap  moss.  The  white 
structures  that  look  like  little  flowers  are  the  spore-bearing  capsules 
about  which  you  read  on  page  169.  (L.  W.  Brownell  photo.) 


respects  the  mosses  resemble  many  other  common  plants. 
This  resemblance,  however,  is  entirely  external,  and  does 
not  hold  true  in  their  structure.  The  stems  and  leaves 
are  not  true  stems  and  leaves;  they  have  no  complex  fibro- 
vascular  system,  no  spongy  parenchyma,  no  stomata. 
Neither  do  these  plants  have  true  roots.  In  some  respects 
the  bryophytes  resemble  the  thallophytes.  Bryophytes, 
however,  possess  many-celled  gamete-producing  organs  (an- 
theridia  and  archegonia,  page  169)  which  thallophytes  do 
not  possess.  They  thus  differ  in  several  important  struc- 
tural characteristics  from  the  thallophytes  and  are  grouped 
into  a separate  phylum. 
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A third  great  phylum,  the  Pteridophytes , includes  the 
ferns,  horsetails,  and  club  mosses.  Plants  belonging  to  this 
phylum  have  true  leaves,  roots, 
and  stems.  They  differ  also 
from  the  bryophytes  in  the 
possession  of  a well-developed 
fibrovascular  system.  In  their 
method  of  reproduction  they  re- 
semble the  mosses,  as  you  will 
see  in  the  description  which  fol- 
lows. 

The  green  part  of  the  pteri- 
dophyte,  which  is  above  the 
ground,  is  really  the  leaf  of  the 
plant.  If  you  will  examine  the 
under  surface  of  the  leaflets  of 
a fern,  you  will  usually  find  small 
brown  spots  extending  from  the 
surface  of  the  leaf.  These  con- 
tain the  sporangia,  or  spore  holders,  which,  in  turn,  contain 
asexual  spores.  These  asexual  spores  are  scattered  when  ripe, 
and  under  favorable  conditions  they  germinate.  Instead  of 
devoloping  into  a new  fern  plant,  the  spore  forms  a flat,  green, 

somewhat  heart-shaped 
plant  about  the  size  of 
a clover  leaflet  (Figure 
248).  Tiny,  hairlike 
rhizoids  near  the  base 
of  the  plant  enable  it 
to  secure  water  and 
minerals  from  the  soil. 
Scattered  among  the 
rhizoids  are  a number 
of  antheridia  in  which 
the  sperm  cells  develop. 
Near  the  notch  of  the 


Fig.  247.  Field  horsetail,  or 
Equisetum  arvense.  These  cone- 
like structures  bear  the  spores. 
(L.  W.  Brownell  photo.) 
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plant  the  archegonia  are  produced.  After  fertilization,  the 
fertilized  egg  grows  into  the  roots,  root-stock,  and  fronds  of  a 
mature  fern  plant.  The  pteridophytes  thus  resemble  the 
mosses  in  their  mode  of  reproduction,  but  are  distinguished 
from  the  bryophytes  by  their  pos- 
session of  true  leaves,  stems,  roots, 
and  a well-defined  fibrovascular 
system. 

And  now  we  come  to  the  fourth 
phylum,  the  Spermatophytes.  This 
phylum  includes  all  plants  which 
bear  seeds,  the  possession  of  seeds 
being  the  characteristic  that  dis- 
tinguishes them  from  all  other 
plants.  How  seeds  are  produced 
you  already  know  (Unit  IV).  In 
some  respects  the  spermatophytes 
resemble  the  pteridophytes.  Both 
phyla  possess  true  roots,  stems, 
leaves,  and  a well-developed  vas- 
cular system.  The  spermato- 
phytes, however,  exhibit  a greater 
complexity  in  the  structure  of 
their  parts  than  the  pteridophytes.  They  present  the  high- 
est degree  of  specialization  in  the  plant  kingdom. 

The  spermatophytes  are  further  classified  into  two  sub- 
phyla, the  Gymnosperms  and  the  Angios perms.  The  gymno- 
sperms  include  such  common  trees  as  the  pine,  cypress, 
hemlock,  spruce,  cedar.  These  plants,  as  you  know,  bear 
cones.  Pollen  produced  in  the  staminate  cone  pollinates 
and  fertilizes  the  egg  cell  in  the  pistillate  cone,  producing 
a naked  seed  (Figure  250).  The  angiosperms  include  all 
plants  which  bear  true  flowers.  Their  seeds  are  inclosed  in 
an  ovary.  The  difference  in  the  organs  of  reproduction  is 
the  characteristic  which  distinguishes  the  two  sub-phyla. 

The  angiosperms  are,  in  turn,  divided  into  two  classes,  the 


Fig.  249.  Sporangia  on  the 
under  side  of  a fern  frond. 
(L.  W.  Brownell  photo.) 
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monocotyledons  and  the  dicotyledons.  Those  plants  with 
one  cotyledon  are  called  monocotyledons;  those  with  two 
cotyledons  are  called  dicotyledons  (see  page  114).  Certain 
other  characteristics  also  distinguish  the  members  of  these  two 
classes.  The  leaves 
of  the  monocotyle- 
dons are  parallel- 
veined,  while  those  of 
the  dicotyledons  are 
net-veined  (see  page 
33).  The  petals  and 
other  parts  of  the 
flower  of  monocoty- 
ledons are  arranged 
in  threes,  while  those 
of  the  dicotyledons 
are  arranged  in 
groups  of  four  or  five, 
but  never  three.  The 
fibrovascular  bundles 
of  the  monocotyle- 
dons are  scattered 
throughout  the  stem, 
while  those  of  the 
dicotyledons  are  lo- 
cated in  a definite 
ring  (see  page  32). 

About  20,000  spe- 
cies of  monocotyle- 
dons have  been  iden- 
tified. They  include 
such  common  plants  as  the  wheat,  corn,  oat,  rye,  barley, 
bamboo,  wild  grasses,  coco  palm,  date  palm,  hyacinth,  tulip, 
lily,  asparagus,  onion,  vanilla,  lady’s  slipper,  pineapple,  and 
banana.  At  the  present  time  about  120,000  species  of  dicoty- 
ledonous plants  are  known.  The  pea,  bean,  peanut,  rose, 


Fig.  250.  At  the  top  are  two  young  female 
pine  cones;  at  the  bottom  are  two  well-grown 
female  cones.  In  the  middle  are  the  pollen- 
bearing male  cones.  (W.  C.  McCalla  photo.) 
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apple,  peach,  pear,  strawberry,  cabbage,  turnip,  spearmint, 
willow,  carrot,  sunflower,  and  dandelion  are  members  of  this 
class  of  plants. 

Suggested  Activity.  Collect  a number  of  the  most  abundant 
wild  flowers  or  cultivated  flowers.  (Trained  biologists  do  not  pick 

the  rarer  wild  flowers,  even 
for  scientific  study.)  Classify 
them  as  monocotyledons  or 
dicotyledons.  Further  classi- 
fication of  these  flowers  may 
be  made  through  the  use  of  a 
key.  Refer  to  the  book  lists 
for  suggestions. 

Suggested  Activity.  Col- 
lect various  kinds  of  mosses  to 
be  grown  in  the  classroom. 
Your  specimens  can  be  kept 
alive  and  healthy  by  arrang- 
ing them  as  follows:  Obtain 
a wooden  box  with  dimensions 
approximately  3 ft.  by  1)^  ft. 
by  1 ft.  At  least  one  side 
(both  sides  if  possible)  and  most  of  the  top  of  the  box  should  be 
made  of  window  panes.  Partially  fill  square  bread-pans  with  rich 
woods  soil.  Arrange  your  mosses  in  the  pans,  and  place  them  in 
the  bottom  of  your  box.  Keep  your  plants  watered,  and  they  will 
grow  well.  Some  small  ferns  may  be  added  to  your  collection. 
Experience  will  teach  you  which  plants  are  best  suited  to  your 
“Bryarium.” 

Suggested  Activity.  Collect  seeds  and  mount  them  in  groups 
according  to  the  plant  family  to  which  they  belong.  For  example, 
the  gourd  family  contains  gourds,  pumpkins,  squashes,  watermelons, 
cucumbers,  cantaloupes,  muskmelons,  citrons,  and  others;  while 
wheat,  oats,  barley,  rye,  corn,  sugar  cane,  rice,  and  other  grasses 
belong  to  the  grass  family.  When  you  have  completed  your  collection, 
prepare  a table  to  show  the  like  characteristics  of  the  seeds  of  a given 
family.  Hint:  Try  to  think  of  the  most  scientific  and  original  way 
of  mounting  the  seeds  in  your  collection. 


Fig.  251.  Note  the  three-petaled 
flowers  and  the  three-leafed  arrange- 
ment of  the  monocotyledonous  trillium. 
Are  the  little  wood  anemones  mono- 
cotyledonous or  dicotyledonous?  Why? 
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Self-testing  exercise  3.  Copy  the  following  table,  inserting 
“Yes”  or  “No”  in  the  columns. 


Characteristics  of  Plant  Phyla 


Phylum 

True  Roots, 
Stems,  and 
Leaves 

Fibro- 

VASCULAR 

Bundles 

Seeds  • 

Thallophyte 

Bryophyte 

Pteridophyte 

Spermatophyte 

Self-testing  exercise  4.  Make  a table  like  the  one  below,  and 
fill  out  the  blanks  correctly. 

Characteristics  of  Monocotyledons  and  Dicotyledons 


Class 

Number 

of 

Cotyledons 

Leaves 

Fibro- 

vascular 

Bundles 

Parts  of 
Flowers 

Monocotyledon 

Dicotyledon 

Problem  4:  How  Does  a System  of  Classification 
Aid  Man? 

Study  Suggestion.  A solution  to  this  problem  can  be  at- 
tained only  if  you  have  clearly  understood  the  ideas  presented 
in  the  earlier  problems.  If  there  are  parts  which  are  not  clear 
to  you,  review  the  material  presented  in  Problem  2.  A re-reading 
of  Problem  4 and  Problem  6 of  Unit  V will  also  help  you  to 
interpret  the  material  presented  in  this  problem. 

You  have  already  seen  that  classification  of  living  things 
is  necessary  if  biologists  of  different  nations  are  to  work 
in  harmony  and  pass  on  the  results  of  their  studies  to  other 
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workers  in  the  scientific  world.  Now  let  us  consider  other 
ways  in  which  a system  of  classification  is  useful  to  man. 

As  you  have  seen,  the  underlying  principle  of  the  system 
of  classification  is  kinship.  It  is  assumed  that  those  living 
things  which  most  nearly  resemble  each  other  are  the  most 
closely  related.  When  animals  are  classified  into  groups 
on  the  basis  of  fundamental  resemblances,  there  are,  as  you 
have  learned,  various  degrees  of  relationship  shown.  We 
have  explained  this  relationship  on  the  basis  that  these 
animals  are  descendants  of  a common  ancestral  type.  If 
the  resemblance  is  very  close,  it  is  assumed  that  the  com- 
mon ancestral  type  from  which  the  species  descended  lived 
in  comparatively  recent  times.  If  the  resemblance  between 
two  animals  is  very  slight,  it  is  assumed  that  they  are  de- 
scendants of  an  extremely  remote  ancestral  type. 

A chart  of  the  probable  relationships  which  exist  in  the 
animal  kingdom  is  shown  in  Figure  252.  The  first  animals 
that  existed,  according  to  this  chart,  were  the  Protozoa , 
the  simple,  one-celled  animals.  Two  types  of  animals 
descended  from  the  Protozoa,  the  Porifera  (sponges)  and 
the  Ccelenterata  (hydroids,  jellyfish,  etc.).  No  further 
development  of  the  sponges  took  place.  Two  distinct 
types  of  organisms  descended  from  the  ccelenterates.  One 
type  developed  into  worms,  and  later  into  the  arthropods 
and  mollusks.  The  other  type  developed  through  a long 
series  of  changes  into  the  vertebrates,  which  include  fish, 
amphibians,  reptiles,  birds,  and  mammals,  as  you  can  see 
from  Figure  252. 

We  have  already  considered  some  of  the  evidence  which 
apparently  shows  that  the  present  forms  of  life  have  come 
about  through  modification  of  earlier  ancestral  species. 
For  example,  the  fossil  records  which  we  examined  in  Unit 
V showed  that  rocks  laid  down  in  different  periods  con- 
tain different  kinds  of  fossils;  that  the  oldest  rocks  con- 
tain no  fossils  of  vertebrate  animals;  and  that  some  species 
of  animals  have  become  extinct.  In  addition  to  all  this,  the 
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Fig.  252.  Chart  of  the  animal  phyla.  (Adapted  from  Allee's  chart  in 
The  Nature  of  the  World  and  of  Man,  University  of  Chicago  Press.) 
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distribution  of  animals  in  widely  separated  parts  of  the 
world,  such  as  shown  by  the  marsupials,  can  be  explained 
only  by  assuming  that  the  forms  of  life  have  developed 
through  progressive  changes  from  simpler  forms. 

To  the  evidence  as  shown  by  the  fossils,  that  our  present 
living  forms  have  evolved  from  those  of  the  past,  we  can 
now  add  the  evidence  from  a classification  which  is  based 
on  the  comparative  anatomy  of  living  things.  This  classi- 
fication has  shown  the  homologies , or  likenesses,  of  struc- 
ture which  exist  among  different  animals.  And  added  to 
this  evidence  is  that  obtained  through  observation  of  the 
development  of  embryos  into  mature  animals.  No  facts 
are  known  which  disprove  the  theory  that  our  present  forms 
of  living  things  have  developed  from  those  forms  which 
lived  in  the  past.  The  theory  explains  satisfactorily  the 
fossil  record,  the  resemblances  in  structure  of  many  animals, 
the  facts  of  embryology,  geographic  distribution,  and  many 
other  types  of  facts  which  have  been  gathered.  It  may 
safely  be  said  that  it  is  only  by  such  a theory  of  development 
through  the  ages  that  the  facts  concerning  living  things  can 
be  grouped  into  an  orderly  body  of  knowledge. 

From  what  you  have  just  been  studying,  you  can  see  that 
the  efforts  of  scientists  to  classify  living  things  have  supplied 
a type  of  evidence  which  enables  us  to  understand  more 
clearly  how  living  things  have  developed  upon  the  earth. 

Understanding  the  degree  of  relationship  which  exists 
between  living  things  has  helped  in  a practical  way.  For 
example,  in  planting  crops  man  has  found  that  certain  plants 
thrive  best  in  a sandy  soil.  This  may  suggest  that  certain 
near  relatives,  such  as  other  plants  of  the  same  genus  or 
family,  might  do  well  in  sandy  soil.  This  is  logical,  because 
the  structures  of  these  near  relatives  closely  resemble  each 
other.  Had  the  pioneers  who  settled  in  America  under- 
stood something  of  the  nature  of  plants,  they  might  have 
gotten  suggestions  from  the  wild  plants  growing  here 
as  to  the  crops  m@st  likely  to  flourish  amid  the  environmental 
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conditions  in  this  country.  Wild  grapes,  strawberries,  black- 
berries, and  other  fruits  were  saying,  “Plant  our  cousins,” 
but  the  pioneers  did  not  understand. 

It  is  possible  to  produce  new  plants  and  animals  by  cross- 
breeding if  plants  or  animals  closely  akin  are  known.  Luther 
Burbank  created  many  new  and  valuable  fruits  through  cross- 
breeding. Watermelons  and  pumpkins,  cucumbers  and 
cantaloupes,  pop-corn  and  field  corn  cross-pollinate  readily. 
The  wise  farmer  does  not  grow  his  watermelons  near  his 
pumpkins.  Neither  does  the  orchardist  who  understands 
plant  classification  try  to  graft  a peach  branch  on  an  apple 
tree.  The  peach  branch  will  not  grow;  the  two  plants  do 
not  belong  to  the  same  genus.  Apples,  pears,  and  quinces, 
on  the  other  hand,  can  be  grafted.  They  all  belong  to  the 
genus,  Pyrus;  that  is,  they  bear  a close  relationship.  An 
understanding  of  the  classification  of  organisms  is  thus 
essential  to  the  production  of  new  varieties  of  living  things. 

Self-testing  exercise  5.  Explain  as  clearly  as  you  can  how  the 
theory  that  the  complex  living  things  which  exist  today  are  de- 
scended from  the  simpler  organisms  which  lived  in  the  past  makes 
the  system  of  classification  meaningful. 

Additional  Exercises 

1.  Suggest  some  experiments  which  might  be  tried  by  those 
who  do  not  understand  how  living  things  are  classified. 

2.  Suggest  some  experiments  that  might  be  tried  by  biologists 
who  understand  how  organisms  are  classified. 

3.  Make  a survey  to  discover  all  of  the  kinds  of  trees  which 
are  growing  within  one  block  of  your  school  or  home.  Make  a 
list  of  the  characteristics  of  these  trees,  and  prepare  a key  which 
might  be  used  by  another  pupil  to  identify  all  the  trees  within 
this  area. 

4.  Visit  a museum  and  make  a study  of  the  classification  of  the 
exhibits.  For  example,  all  of  the  birds  are  in  one  section,  while 
the  insects  are  in  another  section. 

5.  Visit  a farm  and  observe  the  part  classification  plays  in  the 
living  things  that  the  farmer  grows. 
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6.  Prepare  skeletons  of  such  animals  as  a mouse,  rat,  rabbit, 
chicken,  frog,  fish,  or  crayfish  for  the  biology  museum.  The  bones 
can  be  cleaned  by  boiling  them  in  a strong  solution  of  baking  soda. 

7.  If  you  live  near  a stream  or  lake,  make  a collection  of  mollusk 
shells.  Classify  and  mount  them. 

8.  A collection  of  fossils  properly  classified  makes  an  interesting 
addition  to  the  biology  museum  or  “browsing  nook.” 

9.  Examine  the  feathers  on  the  various  parts  of  a bird’s  body. 
Note  how  each  type  of  feather  is  fitted  for  its  use.  Select  feathers 
from  the  head,  neck,  body,  wings,  and  tail,  and  mount  them  on  a 
cardboard.  Label  each  type  of  feather.  A careful  description  of 
each  kind  will  make  your  collection  more  complete. 

10.  Collect,  classify,  and  mount  teeth  of  various  kinds  of  animals. 
Perhaps  the  butcher  can  aid  you  in  making  your  collection. 


UNIT  VII 

HOW  DOES  MAN  PROVIDE  FAVORABLE 
CONDITIONS  AND  NECESSARY  MATERIALS 
FOR  LIVING  THINGS? 

Preliminary  Exercises 

1.  The  conditions  and  materials  necessary  for  plant  growth 
are  ....(a)....,  ....(b)....,  ....(c)....,  and  ..:.(d)...., 

2.  The  soil  is  composed  of  ....(d)....,  ....(b)..:.,  and  ...  (£)..:., 

3.  In  caring  for  the  soil,  the  farmer  must  ....(a)...., 

....(c)....,  ....(d)....,  and  ....(e) 

4.  Man  provides  artificial  conditions  for  growing  plants 

through  the  use  of  ....(a)....,  ....(b)....,  and  ...  (c) 

5.  Loss  in  fertility  of  soil  is  made  good  by  the  use  of  ._ 

6.  The  plan  of  changing  the  kind  of  plant  grown  in  a given 
field  at  frequent  intervals  is  called  ........ 

7.  Barnyard  manure  helps  the  growth  of  plants  by  ....(a)...., 

....(b)....,  and  ....(c) 

8.  Write  the  letters  of  the  four  sub-statements  which  best 
complete  the  major  statement. 

Our  forests  must  be  conserved  because — 

(a)  They  are  rapidly  disappearing. 

(b)  Timber  is  used  faster  than  it  is  grown. 

(c)  Forests  help  prevent  floods. 

(d)  Forests  help  conserve  the  water  supply. 

(e)  Forest  products  are  of  less  value  today  than  they  were  a 
hundred  years  ago. 

(/)  Forests  cause  destructive  fires. 

9.  The  natural  resources  of  our  country  which  must  be  con- 
served are  ....(a)....,  ....(b)....,  ....(c)....,  ....(d)....,  and  ....(e) 

10.  The  kinds  of  enemies  which  prey  upon  man’s  domesticated 

plants  are  ....(a)....,  ...  (b)....,  ....(c)....,  and  ....(d) 

11.  The  kinds  of  enemies  which  prey  upon  man’s  domesticated 
animals  are  ....(a)....,  ....(b)....,  ....(c)....,  and  ....(d)..... 

12.  Hogs  may  be  made  immune  to  cholera  by  
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13.  Cattle  are  often  infected  with  , which  is  dangerous 

to  people  who  drink  milk. 

14.  Plant  and  animal  diseases  are  fought  by  ....(a)....,  ....(b)—., 

....(c)....,  and  —(d) 


Fig.  253.  A modern  seed  drill  operating  in  Western  Canada  (Massey- 
Harris  Company). 


The  Story  of  Unit  VII 

Our  study  to  this  point  has  been  concerned  with  the 
major  life  processes  and  activities  of  living  things.  Through 
observation,  experimentation,  and  reading  we  have  discov- 
ered the  principles  underlying  the  use  of  food,  growth,  ad- 
justment, relationships  of  living  things  with  each  other  and 
with  the  environment,  reproduction,  and  behavior.  The 
scientist  does  not  make  the  principles  which  govern  the  life 
processes  and  activities  of  living  things;  he  discovers  the 
laws  of  Nature  through  patient  study  and  investigation. 
When  he  discovers  these  laws,  he  can  make  use  of  them  to 
improve  the  living  things  which  he  selects  for  his  use.  For 
example,  when  he  knows  the  conditions  necessary  for  the 
most  rapid  growth  of  plants,  he  can  supply  these  conditions. 
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In  addition  to  the  physical  conditions  necessary  for  growth, 
certain  materials  are  required.  Through  experimentation 
man  has  been  able  to  determine  just  what  materials  living 
things  require  and  the  proportions  of  each.  In  Units  II 
and  III  you  studied  certain  facts  about  the  effect  of  the 
various  foods  upon  growth  and  health.  By  applying  the 
results  of  experimentation,  man  can  improve  the  yield  of 
his  crops  and  the  quality  of  his  livestock. 


Fig.  254.  Man  has  learned  to  heal  the  wounds  of  trees.  By  bridging 
the  badly  injured  part,  this  tree  has  been  saved.  (International 
Harvester  photo.) 


Not  only  is  it  possible  to  improve  the  yield  of  living  things; 
it  is  also  possible  to  produce  living  things  which  possess 
certain  characteristics  which  man  desires.  For  example, 
man  has  been  able  to  produce  corn  which  has  a certain  chemi- 
cal composition  and  to  produce  wheat  which  requires  but  a 
short  growing  season  and  little  water.  Improvement  along 
this  line  is  largely  a problem  of  plant  and  animal  breeding, 
the  principles  of  which  will  be  presented  in  Unit  VIII. 

In  addition  to  providing  the  necessary  conditions  and 
materials  for  the  living  things  which  he  selects,  man  has 
also  improved  the  conditions  necessary  for  his  own  health 
and  welfare.  Through  a better  understanding  of  the  nature 
and  cause  of  disease  he  has  been  able  to  improve  his  physical 


300 


EVERYDAY  PROBLEMS  IN  BIOLOGY 


surroundings  and  thus  to  decrease  greatly  the  spread  of  dis- 
ease. This  development  of  the  science  of  preventive  medi- 
cine has  resulted  in  an  increase  of  the  average  life-span  of 
individuals  and  in  the  improved  health  and  physical  efficiency 
of  mankind. 

The  unit  which  you  are  now  to  study  is  concerned  with 
but  one  aspect  of  man’s  improvement  of  living  things,  namely, 
the  provision  of  favorable  conditions  and  necessary  ma- 


Fig.  255.  Careful  breeding  and  proper  conditions  for  growth  resulted 
in  this  ton-litter  of  pigs.  “Ton-litter”  is  the  term  used  to  describe 
a litter  of  pigs,  the  total  weight  of  which  is  2000  pounds  at  the  end  of 
six  months’  growth. 

terials  for  life.  In  your  work  on  this  unit  it  will  be  neces- 
sary for  you  to  recall  all  or  nearly  all  of  the  principles  which 
you  have  studied  up  to  this  point.  You  will  need  to  recall 
how  living  things  obtain  food,  how  they  use  food,  how  they 
grow,  how  they  depend  upon  their  physical  surroundings, 
how  they  are  dependent  upon  each  other,  how  they  adjust 
themselves  to  changes  in  the  environment,  and  finally,  how 
they  reproduce  their  kind.  The  purpose  of  this  unit  is  to 
help  you  understand  how  man  applies  the  principles  which 
he  has  discovered  in  producing  plants  and  animals.  In  other 
words,  this  unit  deals  with  scientific  agriculture. 
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Before  a farmer  plants  his  seed,  he  prepares  the  soil  for 
planting.  Why?  Many  farmers  cannot  answer  the  ques- 
tion intelligently.  They  have  learned  how  to  plant  through 
their  own  personal  experience  or  through  observation  of 
others.  As  a result,  many  different  methods  of  preparing 
the  soil  are  practiced.  Through  experimentation,  however, 
the  best  methods  have  been  discovered.  Do  you  know  what 
they  are?  Similarly,  the  treatment  of  soils  to  secure  high 
yields,  methods  of  combating  injurious  insects  and  weeds, 
the  best  types  of  diet  to  fatten  animals,  and  methods  of  con- 
serving plant  and  animal  products  have  been  discovered. 
To  learn  how  man  has  solved  and  is  solving  these  problems 
will  be  your  task  in  this  unit. 

Problem  1:  How  Does  Man  Improve  the 
Physical  Conditions  of  Life? 

Study  Suggestion.  As  you  study  this  problem,  discover  the 
problems  the  farmer  must  solve  in  order  to  secure  the  maximum 
yield  from  his  crops;  then  find  how  he  solves  these  problems. 

Both  plants  and  animals  can  grow  without  attention  from 
man.  Wild  life  of  all  kinds  is  abundant.  A greater  area  of 
our  land  is  covered  with  plants  which  have  grown  wild  than 
is  covered  with  domesticated  plants.  There  are  also  many 
times  as  many  wild  animals  as  there  are  tame  animals. 
Man  is  in  constant  warfare  with  the  wild  living  things  of 
Nature.  He  must  fight  to  raise  the  living  things  which  are 
useful  to  him.  In  his  struggle  with  the  other  living  things 
he  has  learned  that  while  Nature  provides  the  necessary  con- 
ditions and  materials  for  life,  he  can  bend  these  conditions 
and  materials  to  his  own  use.  He  is  thus  able  to  combat  the 
other  living  things  successfully,  and  to  grow  the  plants  and 
animals  which  he  needs. 

What  is  the  nature  of  soil?  The  growth  of  a crop  depends 
upon  many  factors.  It  is  influenced  by  rainfall,  amount  of 
sunshine,  temperature,  length  of  the  growing  season,  and 
the  kind  and  condition  of  the  soil.  Man  cannot,  of  course, 
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regulate  the  weather  or  climate.  He  can  to  some  extent 
predict  what  the  weather  may  be  and  thus  regulate  other 
conditions  to  meet  the  daily  changes  in  temperature  and 
rainfall.  His  greatest  chance  of  success  in  raising  a good 
crop  is  secured,  however,  by  providing  the  proper  physical 
conditions  in  the  soil.  Let  us  examine  the  nature  of  soil. 

Experiment  42,  Part  1.  Of  what  is  the  soil  composed?  (a) 

Obtain  several  samples  of  soil  from  different  places,  such  as  an 
open  field,  a meadow,  timber  land,  or  your  own  lawn. 

(&)  Take  a handful  of  one  sample  of  soil  and  rub  it  up  in  water 
until  it  forms  a thin  paste.  Pour  the  paste  into  a fruit  jar,  or, 
better  still,  a tall  graduate  or  long  tube.  Fill  the  jar  with  water, 
cover  the  top  of  it,  and  shake  it  thoroughly.  Allow  it  to  stand 
until  the  soil  settles  to  the  bottom.  Can  you  distinguish  different 
kinds  and  sizes  of  particles  in  the  jar?  What  is  the  material  at 
the  bottom?  Is  the  water  clear  or  cloudy?  Does  some  of  the 
material  float  on  the  surface  of  the  water?  If  so,  what  is  it? 

(c)  Repeat  (&),  using  different  soils.  What  differences,  if 
any,  exist  among  them?  In  what  ways  are  all  of  the  soils  alike? 

The  coarse  material  at  the  bottom  of  the  jar  is  sand  or 
gravel,  and  includes  particles  larger  than  .05  millimetre  in 
diameter.  If  you  will  examine  a few  grains  of  sand  under 
the  microscope,  you  will  find  that  they  are  fine  particles  of 
quartz.  The  material  above  the  sand  is  silt , which  includes 
particles  varying  from  .005  m.m.  to  .05  m.m.  in  diameter. 
Above  the  silt  is  deposited  clay,  which  includes  particles 
smaller  than  .005  m.m.  in  diameter.  Some  of  the  clay  par- 
ticles are  so  small  that  they  may  float  in  the  water  and  make 
the  water  turbid.  The  material  which  floats  on  the  surface 
of  the  water  is  humus , that  is,  decayed  plant  and  animal 
material.  Most  soils  consist  of  varying  amounts  of  these 
three  materials.  Is  this  statement  borne  out  by  the  results 
you  obtained  in  the  experiment?  The  sources  of  soil  are  the 
bodies  of  dead  plants  and  animals  and  the  rocks  which  have 
been  broken  down  or  decomposed  by  the  action  of  water, 
wind,  frost,  and  chemicals. 
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A more  detailed  knowledge  of  the  nature  of  the  soil  can 
be  obtained  by  an  extension  of  Experiment  66. 

Experiment  42 , Part  2.  Of  what  is  the  soil  composed  ? (a) 

Place  some  soil  in  a beaker.  Insert  a small  tube  in  the  soil  down 
to  the  bottom  of  the  beaker.  Connect  the  tube  with  a funnel 
(Figure  256),  and  slowly  pour  in  some 
water.  Continue  adding  water  until  the 
water  in  the  tube  stands  at  the  same  level 
as  the  surface  of  the  soil.  The  water  dis- 
places the  air  in  the  soil.  The  approximate 
amount  of  air  in  the  soil  is  thus  shown  by 
the  volume  of  water  which  must  be  added 
to  drive  out  all  of  the  air.  It  is  possible  to 
devise  a method  of  doing  this  experiment 
so  that  the  approximate  percentage  of  air 
in  the  soil  can  be  obtained.  How  could 
you  do  this? 

( b ) Weigh  a small  amount  of  soil  and 
place  it  in  an  evaporating  dish.  Heat  the 
soil  by  placing  it  in  a slow  oven  for  several  hours.  Weigh  the  soil 
again,  and  compare  its  weight  with  the  original  weight.  The 
difference  in  weight  is  due  to  the  evaporation  of  the  water. 

( c ) Weigh  a small  amount  of  the  same  soil  used  in  (a),  and  place 
it  in  an  evaporating  dish  or  on  a metal  plate.  Heat  the  soil  as 
hot  as  possible.  Note  that  the  color  of  the  soil  changes  as  the 
organic  material  present  burns.  When  only  materials  which 
will  not  burn  remain,  weigh  the  soil  and  compare  it  with  its 
original  weight.  The  difference  in  weight  will  be  due  to  the 
loss  of  water  and  organic  material.  Use  the  results  obtained  in 
( b ),  and  calculate  the  weight  of  the  organic  material  in  the  soil. 

( d ) The  material  which  does  not  burn  represents  the  weight 
of  the  mineral  matter  in  the  soil.  Use  the  results  in  (c),  and 
calculate  this  weight.  Mix  the  mineral  matter  with  water,  and 
filter  it.  Place  the  water  which  comes  through  the  paper  (the 
filtrate)  in  an  evaporating  dish  and  heat  it  until  all  of  the  water 
is  driven  off.  Weigh  the  residue  in  the  dish.  The  weight  of 
this  residue  is  the  weight  of  the  soluble  materials  in  the  soil. 
It  is  this  material  which  is  available  for  plant  food.  (It  may  be 


Fig.  256. 
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present  in  such  small  quantity  that  your  scales  will  not  be  sen- 
sitive enough  to  respond.) 

( e ) Summarize  the  results  of  this  experiment  in  such  a way 
that  you  will  answer  the  problem  of  the  experiment. 

In  the  preparation  of  soils  to  receive  the  seed  and  in  the 
proper  care  of  the  soil  during  the  growth  of  the  crop,  the  farmer 
or  gardener  faces  five  problems.  First,  he  must  prepare  the  soil 


Fig.  257.  In  certain  regions  rainfall  does  not  provide  enough  moisture; 
so  man  utilizes  the  water  from  rivers  and  lakes  to  irrigate  his  fields. 


so  that  the  proper  amount  of  moisture  may  be  supplied  to  the 
plants.  Second,  he  must  secure  the  best  soil  temperature  for 
the  growth  of  seeds  and  seedlings.  Third,  he  must  provide 
for  an  adequate  air  content  in  the  soil.  Fourth,  he  must 
prepare  the  soil  so  that  the  growing  plants  may  secure  food 
from  it.  Fifth,  he  must  conserve  or  increase  the  fertility 
of  the  soil.  All  of  these  problems  must  be  solved  if  the 
crop  is  to  produce  the  maximum  yield  year  after  year. 

Suggested  Activity.  Obtain  different  kinds  of  soil  from  near 
your  home.  With  the  help  of  your  teacher  prepare  a paper  on 
“The  Story  of  the  Soils  of  Our  Locality.” 

How  does  man  provide  proper  moisture  in  the  soil? 

Water  may  exist  in  the  soil  in  two  forms.  It  may  fill  the 
spaces  between  the  particles  of  soil,  or  it  may  exist  in  the 
form  of  a thin  film  of  water  around  each  soil  particle.  In 
Experiment  42,  Part  2,  the  water  which  was  driven  off  from 
the  soil  was  this  thin  film,  or  capillary  water,  as  it  is  called.  It 
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is  evident  that  if  the  soil  is  full  of  water  (saturated),  all  of 
the  spaces  between  the  particles  of  soil  will  be  filled  with 
water,  and  the  air  will  be  excluded.  Capillary  water,  on 
the  other  hand,  does  not  fill  the  spaces  between  the  par- 
ticles and  thus  does  not  exclude  air.  It  is  possible  by  ex- 
periment to  determine  if  there  is  a certain  amount  of  water 
which  produces  the  best  results  in  growing  plants. 


Fig.  258.  Note  how  carefully  the  soil  is  cultivated  in  this  fine 
plum  orchard.  Here  there  are  no  weeds  to  rob  the  trees  of  raw 
materials.  Furthermore,  this  loose  soil,  as  you  will  learn,  helps 
preserve  moisture  and  give  the  roots  access  to  the  air  which  is  so 
important  to  growth. 

Experiment  43.  Does  the  amount  of  water  in  the  soil  affect 
the  growth  of  plants?  Plant  several  seeds  (wheat,  corn,  or  bean)  in 
five  beakers,  each  containing  soil.  Place  the  same  number  of  seeds 
in  each  glass.  Water  each  glass  daily.  Pour  twenty  cc.  of  water 
in  beaker  1,  fifteen  cc.  in  beaker  2,  ten  cc.  in  beaker  3,  five  cc. 
in  beaker  4,  and  two  cc.  in  beaker  5.  Note  the  growth  of  the 
plants  in  the  different  beakers.  What  do  you  conclude? 

It  is  evident  from  the  results  of  the  experiment  that  the 
water  which  is  most  helpful  to  the  plant  is  the  capillary 
water,  since  it  does  not  exclude  air. 

Experiments  on  the  water  requirements  of  plants  show 
that  an  exceedingly  large  amount  is  necessary.  It  is  esti- 
mated that  five  hundred  pounds  of  water  are  required  to  pro- 
duce one  pound  of  dry  matter  in  oats.  Each  ton  of  hay 
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produced  on  an  acre  requires  about  four  inches  of  water. 
If,  therefore,  five  tons  of  hay  were  produced  on  one  acre, 
a rainfall  of  twenty  inches  would  be  required  to  produce  this 
much  hay.  Part  of  this  water  is  built  into  plant  tissues,  and 
part  evaporates  from  the  surface  of  the  leaves. 

In  most  regions  of  our 
country  an  effort  must  be 
made  to  conserve  the  rain 
water  so  that  it  may  be 
available  for  our  crops 
when  it  is  needed.  Only 
a small  area  of  our  coun- 
try has  enough  rainfall 
during  the  growing  season 
to  supply  plants  with  all 
the  water  they  need.  The 
most  efficient  method  of 
securing  the  proper  mois- 
ture content  of  the  soil  is 
by  cultivation  of  the  soil. 
If  the  land  is  plowed  in  the  fall,  it  has  been  found  that  more 
water  will  be  present  in  the  upper  three  or  four  feet  of  the 
soil  than  if  the  land  had  not  been  plowed.  One  investi- 
gator found  that  the  difference  was  2.31  per  cent.  There 
are  two  reasons  for  this  difference.  The  plowed  land  allowed 
more  water  to  percolate  into  the  soil  than  the  unplowed 
land,  and  a smaller  quantity  of  the  water  which  entered  the 
soil  was  lost  through  evaporation  than  was  the  case  in  the 
unplowed  land. 

This  brings  us  to  the  problem  of  how  the  water  which 
sinks  into  the  soil  is  made  available  for  the  plant  roots. 


Fig.  259.  Plowing  on  the  prairie.  These 
great  chunks  of  soil  may  dry  out  rather 
quickly,  but  the  soil  beneath  them  will 
retain  its  moisture  longer.  (Interna- 
tional Harvester  photo.) 


Experiment  44.  How  is  the  water  which  sinks  into  the  soil 
made  available  for  plants?  (a)  Obtain  several  pieces  of  glass 
tubing,  each  about  six  inches  long.  Heat  the  middle  of  a tube 
in  a Bunsen  flame,  using  a flame  spreader.  (An  alcohol  lamp 
may  be  used  if  gas  is  not  available.)  When  the  glass  is  hot  enough 
to  bend  easily,  remove  it  from  the  flame  and  pull  both  ends  quickly, 
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so  that  the  central  part  of  the  tube  is  drawn  into  a fine  tube. 
Break  off  a piece  of  this  fine  tubing  about  ten  inches  in  length. 
Repeat  this  with  the  other  tubes,  and  obtain  tubes  of  different 
diameters.  This  may  be  accomplished  by  pulling  the  tube  out  to 
different  lengths. 

( b ) Insert  the  tubes  of  dif- 
ferent diameters  in  colored 
water.  In  which  tube  does 
the  ink  rise  to  the  greatest 
height?  What  is  the  relation 
between  the  diameter  of  the 
tube  and  the  height  to  which 
the  ink  will  rise? 

(c)  How  does  this  experi- 
ment answer  the  question 
of  the  experiment? 

The  force  which  causes 
the  ink  to  rise  in  the  glass 
tubes  is  called  capillary 
force.  (If  you  wish  an  ex- 
planation of  capillary  force, 
you  can  find  it  in  any  phys- 
ics textbook.)  The  spaces 
between  the  particles  of 
soil  act  in  the  same  man- 
ner as  the  tubes  in  the 
experiment.  The  smaller 
the  spaces  between  the  par- 
ticles, the  higher  the  water 
will  rise.  The  rain  water 
which  may  sink  many  feet  to  the  underlying  rock  level 
(Figure  260)  is  brought  upward  by  this  process  of  capillary 
action. 

The  amount  of  water  which  may  be  held  in  the  soil  as 
capillary  water  of  course  depends  upon  the  size  of  the  soil 
particles.  For  example,  a ball  one  inch  in  diameter  has  a 
surface  of  3.1416  square  inches.  It  will  thus  hold  a film  of 
water  of  this  area.  One  billion  balls  .01  inch  in  diameter 


Fig.  260.  This  picture  shows  the  bed 
rock.  This  rock  layer  may  be  far 
down,  or  it  may  be  very  near  the 
surface  of  the  earth. 
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may  be  put  in  the  same  volume  as  one  ball  one  inch  in  diam- 
eter. The  total  surface  of  the  one  million  balls,  however,  is 
314.16  square  inches.  Thus,  the  smaller  the  particles  of 
the  soil,  the  greater  the  amount  of  film  water  they  can  hold. 
It  is  estimated  that  the  surface  five  feet  of  moderately  fine- 
grained soils  can  hold  an  equivalent  of  ten  to  twenty  inches 
of  water  on  the  level. 

One  of  the  major  problems  of  the  farmer  in  caring  for  his 
soil  is,  therefore,  to  prevent  the  loss  of  the  capillary  water. 
Water  is  constantly  being  evaporated  from  the  surface  of 


Fig.  261.  Loosening  the  soil  and  uprooting  weeds  with  a spring-tooth 
harrow  in  a blueberry  field. 


the  soil.  As  it  is  evaporated,  more  water  rises  by  capillary 
action  from  the  lower  soil  levels  to  replace  that  which  is 
lost.  To  conserve  the  moisture  in  the  soil  the  farmer  must 
prevent  this  evaporation.  How  does  he  do  it?  He  breaks 
up  the  upper  surface  of  the  soil  with  a plow  and  may  follow 
this  with  a harrow  (Figure  261).  This,  of  course,  hastens 
the  evaporation  of  water  in  the  top  layers  of  soil,  but,  by 
increasing  the  size  of  the  spaces  between  the  soil  particles, 
the  amount  of  capillary  action  in  the  upper  layers  is  de- 
creased. The  moisture  in  the  lower  layers  is  thus  conserved 
by  decreasing  capillary  action  on  the  surface.  This  layer  of 
loose  top  earth  is  called  a dirt  mulch.  Sometimes  loose  straw 
or  other  coarse  materials  are  added  for  the  same  purpose. 
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In  regions  where  the  rainfall  is  scant,  even  greater  atten- 
tion must  be  paid  to  the  conservation  of  soil  moisture.  The 
general  method  employed  is  to  pulverize  the  surface  of  the 
soil  after  each  rain;  thus  the  soil  retains  what  little  water 
falls.  In  some  Western  states  this  method  of  retaining 
water  is  kept  up  through  the  whole  season,  crops  being 
planted  in  alternate  years.  In  this  way  the  soil  accumulates 
enough  water  to  provide  for  one  crop  every  two  years.  This 
method  is  generally  known  as  dry  farming.  Dry  farming 
does  not  mean  that  the  crops  can  grow  without  water;  it 


Fig.  262.  These  men  are  spreading  a mulch  of  hay  over  a strawberry 
patch. 


simply  means  that  every  precaution  is  taken  to  conserve  the 
small  amount  of  rain  that  falls. 

Experiment  43  showed  that  too  much  water  interfered 
with  the  growth  of  plants  by  excluding  the  air  from  contact 
with  the  roots.  Soil  is  never  in  perfect  condition  for  growing 
crops  unless  it  is  well  drained.  Prolonged  rainfall  or  over- 
flow from  streams  may  saturate  the  soil,  so  that  the  plant 
growth  is  stopped.  This  situation  is  met  by  artificial  drain- 
age of  the  soil.  Surface  ditches  are  sometimes  constructed 
to  carry  off  the  surplus  water,  but  constant  attention  is 
necessary  to  keep  them  from  caving  in  and  from  filling 
with  soil.  The  most  satisfactory  method  is  through  the 
use  of  hollow  tile,  the  water  entering  the  tile  at  the  ends 
of  the  tiles,  which  are  not  water-tight.  Under  ordinary 
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conditions  hollow  tile  from  three  to  six  inches  in  diameter, 
laid  to  a depth  of  three  or  four  feet  and  spaced  ninety  feet 
apart,  will  remove  the  excess  water  from  eighty  acres  of 
land.  Since  a uniform  slant  in  the  tile  is  necessary  so  that 
the  water  will  always  flow  toward  the  outlet,  it  is  generally 
necessary  to  employ  a drainage  engineer  to  survey  the  land 
and  determine  the  depth  of  the  tile  at  different  points. 

How  does  man  help  provide  proper  soil  temperature  for 
growth?  The  amount  of  water  in  the  soil  is  also  important 
in  its  effect  upon  the  temperature  of  the  soil.  Soil  which 
contains  a large  quantity  of  water  is  much  colder  than  the 
same  soil  when  dry.  There  are  two  reasons  why  this  is  true. 
One  of  these  reasons  can  be  shown  experimentally. 

Experiment  45.  Does  water  or  dry  soil  require  the  greater 
amount  of  heat  to  raise  its  temperature  one  degree?  (a)  Weigh 
out  100  grams  of  soil  and  place  it  in  a beaker.  Take  the  tem- 
perature, and  then  heat  the  soil  for  three  minutes.  Observe  the 
temperature. 

( b ) Weigh  out  100  grams  of  water  (100  cc.)  and  pour  it  in  a 
beaker  similar  to  the  one  used  in  (a).  Take  the  temperature,  and 
then  heat  the  water  for  three  minutes.  Observe  the  temperature. 

(e)  Repeat  (a),  using  100  grams  of  very  moist  soil. 

(d)  Which  material  required  the  greater  amount  of  heat  to 
raise  its  temperature  one  degree?  Why  are  wet  soils  colder  than 
dry  soils? 

The  other  reason  why  wet  soil  is  colder  than  dry  soil  is 
the  evaporation  of  water  from  the  wet  soil.  Heat  is  re- 
quired to  evaporate  liquids,  as  you  no  doubt  know.  Part 
of  this  heat  comes  from  the  soil;  thus  its  temperature  is 
lowered. 

The  temperature  of  the  soil  is  important  in  that  a certain 
temperature  is  required  for  plant  growth.  The  lowest  tem- 
perature at  which  the  process  of  growth  will  start  in  most 
cultivated  crops  is  from  45°  to  48°  F.  The  best  temperature 
for  growth  is  from  68°  to  70°  F.  Corn,  for  example,  requires 
eleven  days  to  germinate  at  a temperature  of  51°  F.,  while 
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it  requires  but  three  days  to  germinate  at  a temperature  of 
65°  F.  The  proper  temperature  is  necessary  in  order  to 
start  the  physical  and  chemical  changes  which  take  place 
during  growth.  An  increase  in  temperature  also  increases 
the  rate  of  dissolving  the  minerals  in  the  soil;  it  increases 
the  circulation  of  the  air  in  the  soil ; it  increases  the  strength 
of  osmotic  pressure;  and  it  increases  the  activity  of  the 
bacteria  in  the  soil.  All  of  these  conditions  aid  in  promot- 
ing the  growth  of  the  seed  to  a new  plant. 

Soil  warmth  may  be  controlled  to  some  extent  in  two  ways: 
Thorough  preparation  of  the  seed  bed  to  form  a dry  mulch 


Fig.  263.  This  low  piece  of  land  is  known  as  a frost-pocket.  Water 
will  not  drain  off  readily,  and  the  colder  air  settles  here.  With  its  wet, 
cold  soil  it  is  an  especially  poor  place  for  fruit  trees,  which  require 
good  drainage.  (International  Harvester  photo.) 

lessens  the  rate  of  evaporation  of  water  from  the  soil.  This 
decreases  the  loss  of  heat  from  the  soil.  The  addition  of 
barnyard  manure  to  the  soil  may  increase  its  temperature. 
The  manure  is  acted  upon  by  the  microscopic  organisms  in 
the  soil,  which  cause  it  to  ferment.  Fermentation  is  a chem- 
ical process  which  produces  heat.  A field  which  is  heavily 
fertilized  with  farmyard  manure  will  thus  have  a higher 
temperature  than  an  unfertilized  field.  In  temperate  cli- 
mates soils  with  a proper  amount  of  moisture  in  them  rarely 
become  too  warm.  The  main  problem  of  the  farmer  is, 
therefore,  that  of  devising  methods  to  conserve  or  increase 
the  temperature  of  the  soil. 

We  have  seen  that  cultivation  of  the  soil  tends  to  secure 
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better  conditions  of  moisture,  temperature,  and  circulation 
of  air.  Cultivation  also  aids  the  plant  in  securing  raw  ma- 
terials. When  the  soil  is  thoroughly  broken,  the  roots  of 

plants  can  force  their  way  eas- 
ily between  the  soil  particles. 
This  enables  them  to  form  an  ex- 
tensive root  system.  The  greater 
the  extent  of  the  root  system, 
the  greater  the  number  of  soil 
particles  which  come  in  contact 
with  the  root  hairs.  Cultivation 
therefore  makes  available  a great- 
er supply  of  raw  materials.  Culti- 
vation also  increases  the  raw  ma- 
terials because  it  secures  better 
aeration  of  the  soil.  The  oxygen 
in  the  air  unites  with  the  carbon 
dioxide  of  decaying  organic  mat- 
ter and  forms  carbonic  acid.  This 
acid  dissolves  many  of  the  com- 
pounds in  the  soil  and  makes  them  available  to  the  plant 
for  food  manufacture. 

The  fifth  problem  which  the  farmer  faces  is  that  of  main- 
taining the  fertility  of  the  soil.  This  is  secured  partly 
through  cultivation,  partly  through  the  kind  of  crops  grown, 
and  partly  through  the  addition  of  materials  to  the  soil. 

How  does  man  provide  proper  growing  conditions  above 
the  soil?  The  preceding  paragraphs  of  this  problem  have 
dealt  with  the  preparation  and  care  of  the  soil  to  permit 
proper  growth  of  the  plant  under  the  surface.  Conditions 
above  the  surface  of  the  soil  may  also  be  improved  for  the 
plant.  Light,  as  you  already  know,  is  necessary  for  plant 
growth.  If  you  will  study  carefully  trees  growing  in  a thick 
forest,  you  will  observe  that  along  the  lower  trunks  of  the 
large  trees  there  are  many  dead  or  dying  branches.  The 
leaves  in  the  tops  of  the  trees  have  cut  off  the  light  from 


Fig.  264.  Young  trees  often 
need  pruning  before  planting. 
This  young  peach  tree  has  been 
correctly  pruned  to  provide  for 
healthy  growth  and  a balanced 
formation.  (International  Har- 
vester photo.) 
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these  lower  branches,  with  the  result  that  sufficient  energy  is 
not  available  for  their  continued  growth.  This  process  of 
eliminating  certain  branches  is  called  self-pruning. 

Man  assists  the  plants  which  he  cultivates  by  artificial 
pruning.  This  cutting  away  of 
some  of  the  branches  better  enables 
light  to  reach  all  parts  of  the  plant. 

Pruning  is  extensively  practiced  in 
raising  fruit  trees  (Figure  264).  It 
not  only  secures  better  light  con- 
ditions for  the  plant,  but  it  also  re- 
sults in  the  production  of  better 
fruit.  By  pruning  some  of  the 
branches,  the  remaining  fruit  buds 
will  receive  a greater  amount  of 
food  and  produce  larger  fruit. 

Many  of  the  large  fruits  exhibited 
at  exhibitions  and  fairs  are  pro- 
duced by  pruning  the  branches 
bearing  small  buds,  thus  allowing 
the  larger  and  more  vigorous  buds 
a better  chance  to  grow. 

You  have  already  learned  of  the 
importance  of  proper  temperature  for  growth.  When  the 
temperature  falls  too  low,  not  only  is  growth  stopped,  but  the 
buds  and  blossoms  of  the  plant  may  be  killed.  The  majority  of 
fruit  blossoms,  for  example,  are  killed  when  the  temperature 
falls  to  30°  F.  or  below.  The  Dominion  Meteorological  Service 
sends  out  warning  when  such  low  temperatures  are  expected. 
This  enables  fruit  growers  to  protect  their  trees. 

There  are  two  methods  of  protection  generally  employed: 
One  method  consists  of  preventing  the  radiation  of  heat 
from  the  ground  by  covering  the  ground  or  plants  with  glass, 
cloth,  heavy  paper,  straw  mats,  or  smoke  screens.  The 
other  method  consists  of  adding  heat  to  the  air.  A large 
number  of  small  fires  are  lighted  in  the  orchard  (Figure  266). 


Fig.  265.  Pruning  of  the 
larger  chrysanthemum  plant 
resulted  in  the  growth  of  one 
large  flower  instead  of  many 
small  ones. 
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Oil,  coal,  wood,  oil-soaked  shavings,  and  carbon  briquets 
are  used.  This  method  is  practiced  most  extensively  by 
the  fruit  growers  in  the  Western  states.  In  1913  the  lemon 
crop  of  Southern  California  was  practically  ruined  by  cold 
weather.  In  one  orchard,  however,  which  was  protected  by 
these  small  fires,  the  crop  sold  for  $734,318.07. 

While  man  cannot  control  weather  or  climate,  he  can, 
through  artificial  methods,  provide  favorable  temperatures 


Fig.  266.  Saving  a California  orange  grove  from  frost  by  means 
of  orchard  heaters.  Oil  is  commonly  used  as  fuel. 

for  growing  plants.  It  is  often  advantageous  to  start  plants 
early  in  the  season  so  that  they  may  mature  in  time  for 
market,  or  to  grow  plants  out  of  their  natural  season.  This 
can  be  accomplished  through  the  use  of  cold-frames , hotbeds, 
and  glass  houses,  or  greenhouses,  as  they  are  commonly  called. 

The  construction  of  a hotbed  is  shown  in  Figure  267. 
A pit  is  dug  into  the  ground,  and  the  bottom  of  the  pit  is 
filled  with  a layer  of  a foot  or  more  of  fresh  horse  manure. 
A layer  of  soil  is  placed  on  top  of  the  manure,  and  the  pit  is 
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covered  with  glass.  The  hotbed  receives  heat  in  two  ways. 
The  manure  ferments  and  gives  off  heat  during  the  chemical 
change  which  takes  place.  The  radiant  energy  from  the  sun 
passes  through  the  glass,  is  absorbed  by  the  soil,  and  is 
changed  to  heat  which  is  trapped  in  the  pit.  Tomatoes, 
peppers,  and  cauliflower  are  often  planted  early  in  the  season 
in  hotbeds;  later,  when  the  temperature  of  the  air  outside  is 
high  enough,  they  are  transplanted  in  the  garden.  Lettuce, 
radish,  celery,  and  spinach,  which  mature  quickly,  are  often 
planted  in  hotbeds  and  grown  to  maturity  in  them.  In  this 


Fig.  267.  Details  of  construction  of  a hotbed  frame.  Devices  of  this 
kind  make  possible  the  growth  of  various  crops  out-of-season. 


way  it  is  possible  to  produce  these  vegetables  out-of-season 
and  receive  a high  price  for  them. 

The  cold-frame  differs  from  the  hotbed  in  that  it  has 
no  manure  to  develop  heat.  The  top  frame  and  sash  are 
placed  directly  on  the  ground,  and  a few  inches  of  planting 
soil  are  put  in  for  a seed  bed.  The  cold-frame  is  often  used 
to  harden  plants  which  have  grown  in  hotbeds  and  to  pro- 
tect early  growing  plants  from  snow  and  frost.  Vegetables 
are  also  grown  on  a large  scale  in  greenhouses,  which  are 
often  acres  in  extent.  By  this  method  of  forcing,  vegetables 
may  be  grown  out  of  season,  and  three  or  four  crops  per  year 
may  be  produced.  Thus,  through  artificial  methods  man 
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can  control  the  physical  environment  of  plants  and  can  grow 
them  to  meet  his  needs. 

How  does  man  provide  proper  physical  conditions  for 
his  animals?  Man  also  provides  the  proper  physical  con- 
ditions for  his  animals.  In  general,  this  consists  of  provid- 
ing shelter  from  extremes  in  temperature,  and  in  keeping 
the  shelter  sanitary.  With  an  increase  in  the  knowledge  of 
the  habits  and  life  processes  of  animals,  it  has  been  possible 
to  design  barns  which  are  adapted  to  their  needs.  It  is  not 
possible  to  present  in  this  book  all  the  types  of  buildings 


Fig.  268.  An  up-to-date  dairy  barn.  Note  the  concrete  floor,  the 
dean,  whitewashed  walls,  and  the  large  number  of  windows,  providing 
ventilation  and  light. 


needed  to  house  the  different  types  of  farm  animals.  But, 
by  studying  the  problem  of  housing  one  kind  of  animal,  we 
can  discover  how  man  has  worked  out  the  best  methods  of 
sheltering  his  domestic  animals. 

For  our  example,  we  shall  study  the  housing  of  poultry. 
Before  the  best  kind  of  chicken  house  can  be  designed,  one 
must  first  study  the  habits  and  life  processes  of  poultry. 
The  following  facts  have  been  discovered  by  investigators: 
(1)  The  average  temperature  of  the  hen  is  about  106  degrees 
Fahrenheit.  (2)  The  hen  has  no  sweat  glands;  so  most  of 
the  liquid  intake  is  eliminated  through  the  lungs.  (3)  The 
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hen  breathes  faster  than  man.  (4)  The  hen  requires  8278 
cubic  feet  of  air  per  1000  pounds  of  live  weight  every  twenty- 
four  hours,  while  man  requires  but  2833  cubic  feet  under 
the  same  conditions.  (5)  Chickens  suffer  more  in  cold 
weather  when  the  air  is  saturated  with  moisture  than  they 
do  when  the  atmosphere  is  relatively  dry.  (6)  The  ability 
of  eggs  to  hatch  and  the  thickness  of  the  eggshell  are  directly 
related  to  the  amount  of  sunshine. 

These  facts  discovered  by  investigators  show,  first,  the 
great  need  of  sufficient  ventilation  to  get  rid  of  the  expired 
air  which  is  highly  charged  with  moisture,  and,  second,  the 


Fig.  269.  The  windows  of  this  henhouse  can  be  taken  off  in  warm 
weather.  Note  the  ventilators  between  the  windows  to  provide  fresh 
air  in  cold  weather  when  the  windows  may  be  closed.  The  builder 
bore  in  mind  the  special  needs  of  chickens  with  respect  to  air-supply. 

need  for  sunshine.  Chicken  houses  are  therefore  built  with 
these  requirements  in  mind  (Figure  269).  Approximately 
one-third  of  the  area  of  one  wall  is  left  open  to  secure  good 
ventilation.  Since  experiments  have  shown  that  the  bene- 
ficial, ultra-violet  rays  in  the  sunlight  are  mostly  absorbed 
by  glass,  these  openings  may  be  covered  with  muslin  or 
burlap  curtains  which  can  be  used  in  stormy  or  cold  weather 
and  taken  off  during  the  warm  spring  and  summer  months. 
These  curtains  are  made  of  thin  materials  so  that  the  air 
may  pass  through  them.  In  order  to  secure  the  maximum 
amount  of  sunshine,  the  building  should  front  to  the  south. 
A southeastern  slope  is  preferable,  with  a soil  of  sandy  loam. 
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Under  these  conditions  the  soil  drains  rapidly  and  is  not 
tracked  into  the  house. 

This  example  of  the  planning  of  a chicken  house  is  but 
one  of  hundreds  of  cases  which  may  be  described  to  show 
how  man  has  worked  out  a scientific  basis  for  providing  the 
best  physical  conditions  for  his  animals.  Scientific  stock- 
farming is  the  subject  of  continual  investigation  on  the  ex- 


Fig.  270.  This  individual  hog  pen  is  so  constructed  that  its  interior 
can  be  exposed  to  the  beneficial  effects  of  sunlight'  and  can  be  easily 
cleaned. 

perimental  farms  maintained  by  the  Dominion  and  Provincial 
Governments  and  by  the  Faculties  of  Agriculture  in  the  pro- 
vincial universities.  Bulletins  descriptive  of  the  latest  meth- 
ods and  findings  are  readily  available  from  these  sources. 

Self-testing  exercise  1.  List  the  five  problems  which  the 
farmer  faces  in  caring  for  his  soil.  Under  each  problem  state 
the  methods  used  by  the  farmer  in  solving  the  problem. 

Self-testing  exercise  2.  How  does  the  problem  of  providing 
proper  conditions  for  plants  differ  from  that  of  providing  proper 
conditions  for  animals? 
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Problem  2 : How  Does  Man  Provide  the  Essential 
Materials  for  Living  Things? 

Study  Suggestion.  Several  questions  should  be  kept  in 
mind  in  studying  this  unit:  How  does  man  know  what  materials 
are  essential?  How  does  man  discover  if  fertilizers  are  neces- 
sary? How  does  man  explain  the  necessity  of  rotating  crops? 
How  does  man  discover  what  and  how  to  feed  his  animals? 

The  materials  absolutely  essential  for  life  are  relatively 
few.  All  living  things  require  food,  water,  and  air.  Under 
wild  conditions  each  living  thing  must  obtain  these  materials 
for  itself.  This  is  true  even  of  man,  as  our  studies  of  primi- 
tive man  have  shown.  As  man  increased  his  knowledge, 
however,  he  began  to  modify  the  scheme  of  life  which  Nature 
had  developed.  Under  Nature’s  scheme  living  things  died 
or  migrated  when  the  materials  necessary  for  their  existence 
diminished.  When  living  things  are  domesticated,  the 
natural  environment  is  changed  to  another  type  of  en- 
vironment. In  order  to  grow  the  living  things  he  wants 
when  he  wants  them  and  where  he  wants  them,  man  has  been 
forced  to  supply  artificially  the  conditions  and  materials 
necessary  for  growth. 

How  does  man  help  provide  food  materials  for  plants? 

Under  natural  conditions  the  plants  which  grow  in  the  soil 
die  and  fall  to  the  ground.  After  death,  decay  commences, 
and  the  plant  body  is  gradually  decomposed  and  becomes 
again  a part  of  the  soil.  If  you  will  go  into  a forest  and  dig 
into  the  soil,  you  will  find  plants  in  all  stages  of  decay.  The 
soil  continues  to  grow  plants  year  after  year  because  its 
fertility  is  maintained  by  the  decay  of  the  plants  and  animals 
that  die.  Under  farming  conditions,  however,  the  plants 
grown  are  removed.  The  materials  which  compose  the 
plants  are  drawn  from  the  soil  and  the  air.  Since  the  ma- 
terials are  not  again  added  to  the  soil  through  decay  of 
dead  plants,  the  soil  loses  minerals  and  fertility  each  year. 

By  means  of  a chemical  analysis  of  plants  it  is  possible 
to  determine  the  kinds  and  amounts  of  elements  that  are 
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taken  from  the  soil  by  the  various  farm  crops.  Table  9 
shows  the  results  of  one  such  investigation. 


TABLE  9.  Pounds  per  Acre  of  Nitrogen  and  Mineral 
Elements  in  Average  Farm  Crops 


Crop 

Nitrogen 

Phosphorus 

Potassium 

Lime 

Corn 

52  .6 

6 .25 

24 .10 

18  .90 

Oats 

33  .0 

6.27 

24  .67 

15  .50 

Wheat 

29.8 

5 .20 

18.10 

9.89 

It  is  evident  from  this  table  that  continued  cropping  will 
finally  remove  all  of  the  available  raw  materials  from  the  soil. 
This  has  happened  in  a great  many  places  in  the  United  States. 
As  the  soil  became  poorer  and  poorer,  the  yield  of  crops 
became  less  and  less,  and  the  farms  were  finally  abandoned 
because  the  soil  was  lacking  in  the  necessary  materials  for 
plant  growth. 

To  prevent  the  loss  of  soil  fertility  it  is  necessary  to  make 
good  the  loss  of  raw  materials  from  the  soil.  This  has  led  to 
the  practice  of  fertilizing  the  soil.  Fertilizers  are  materials 
which  contain  the  necessary  substances  for  plant  growth, 
or  which  directly  or  indirectly  encourage  plant  growth. 
The  following  table  shows  clearly  the  results  of  fertilizing 
the  soil  for  crops  of  wheat,  corn,  and  oats. 


TABLE  10.  Increased  Labor  Efficiency  from  Use  of  Fertilizers 
Indicated  by  Average  Yields  in  Long-Time  Experiments 
on  Fertilized  and  Unfertilized  Plots* 


Crop 

Yield  per  Acre 

Average 
Hours  of 

Y ield  per  Hour 
of  Labor 

Increased 
Labor 
Efficiency 
(per  cent) 

UNFERTI- 

LIZED 

FERTI- 

LIZED 

Labor 
per  Acre 

UNFERTI- 

LIZED 

FERTI- 

LIZED 

Wheat 

12  .5 

30 

11 .7 

1 .07 

2 .53 

140 

Wheat 

11 .5 

28 

11 .7 

.98 

2 .39 

143 

Corn 

27  .2 

46.6 

19.0 

1 .43 

2.45 

71 

Oats 

31  .9 

51  .2 

13.0 

2.45 

3.94 

61 
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Two  significant  results  are  shown  in  Table  10:  (1)  The 
yield  per  acre  is  much  greater  on  the  fertilized  plots  than 
on  the  unfertilized  plots;  and  (2)  fertilizers  save  labor.  The 
results  indicate  that  fertilizing  the  soil  is  a paying  proposition. 

The  kind  and  amount  of  fertilizer  needed  for  a soil  to  pro- 
duce a given  crop  can  be  determined  to  some  extent  by  mak- 
ing a chemical  analysis  of  the  soil.  The  farmer  who  wishes 
information  of  this  sort  may  send  a sample  of  his  soil  to  the 
Chemistry  Division  of  the  Department  of  Agriculture,  Ottawa. 
Since  different  crops  require  different  amounts  of  elements 


Fig.  271.  Phosphate  versus  no  phosphate  in  a barley  field  near 
Lacombe.  Note  that  the  unfertilized  strip  in  which  the  man  is  kneel- 
ing has  not  yet  begun  to  head  out.  (Consolidated  Mining  and 
Smelting  Company.) 

(see  Table  9),  and  also  require  different  soil  conditions,  the 
kind  and  amount  of  fertilizer  to  use  depends  both  on  the  soil 
and  on  the  crop  to  be  planted. 

There  are  many  different  kinds  of  fertilizers.  One  of  the 
most  valuable  is  animal  manure,  which  contains  on  the 
average  ten  pounds  of  nitrogen,  six  pounds  of  phosphorus, 
and  twelve  pounds  of  potassium  to  the  ton.  In  addition 
to  adding  these  materials  to  the  soil,  it  favors  the  develop- 
ment of  the  bacteria  which  change  the  organic  materials  of 
the  soil  into  soluble  forms.  The  decay  of  the  manure  by 
bacteria  also  forms  acids  which  help  dissolve  the  insoluble 
minerals,  Five  tons  of  manure  to  the  acre  is  regarded  as  a 
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light  application,  while  twenty  tons  to  the  acre  is  regarded 
as  a heavy  application.  Investigation  has  shown  that  it 
is  better  to  apply  small  quantities  of  manure  at  frequent 
intervals  than  to  apply  a large  amount  and  then  wait  a 

long  time  before  another 
application. 

Sometimes  rye,  clover, 
soy  bean,  alfalfa,  and  other 
crops  are  grown  and  then 
turned  under  the  soil  by 
plowing.  This  method  of 
fertilizing  is  called  green 
manuring , and  is  another 
means  of  adding  humus  to 
the  soil.  You  remember 
that  a supply  of  humus  is 
necessary  to  increase  the 
water-holding  ability  of  the 
soil  and  to  increase  its  tem- 
perature. If  legumes  are 
plowed  under,  they  may  add 
as  much  as  one  hundred  fifty  pounds  of  nitrogen  per  acre. 

Nitrogen  is  also  added  to  the  soil  by  the  use  of  commercial 
fertilizers.  Probably  the  commonest  source  of  nitrogen  is 
sodium  nitrate,  which  is  obtained  from  Chile.  Sodium 
nitrate  is  soluble  in  water;  hence  it  is  immediately  available 
for  the  plant  roots.  Ammonium  sulphate  is  also  used.  Its 
action  is  slower  than  sodium  nitrate,  but  it  has  the  advan- 
tage of  extending  its  effect  over  a longer  period.  Animal 
refuse  of  all  kinds  is  frequently  dried,  ground,  and  sold 
under  the  name  of  tankage.  The  need  of  a nitrogen  fertilizer 
for  the  soil  is  shown  if  plants  grow  slowly  and  have  yellowish 
leaves,  if  the  leaves  are  shed  earlier  than  usual,  and 
if  the  plants  tend  to  produce  seeds  too  early  in  the  season. 
Nitrogen  is  necessary  for  the  formation  of  protoplasm.  Its 
effect  is  shown  quickly  in  increased  leaf  growth,  healthier 


Fig.  272.  Root  of  a young  bean  plant. 
The  nodules  you  see  are  very  efficient 
at  extracting  nitrogen  from  the  soil 
air.  The  nitrogen  in  the  soil  itself 
they  leave  intact. 
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plants,  and  a greater  vividness  of  color  in  fruit  and  leaves. 

Phosphorus  is  available  in  bone  meal,  phosphate  rock,  and 
various  commercial  preparations.  It  has  certain  important 
effects  upon  plant  growth.  It  increases  root  development  and 
is  thus  valuable  in  dry  seasons. 

It  also  causes  the  plant  to  mature 
more  quickly,  and  thus  aids  plant 
growth  in  wet  seasons.  Experi- 
ments indicate  that  it  also  makes 
plants  more  resistant  to  disease. 

Indications  for  the  need  of  phos- 
phorus can  sometimes  be  deter- 
mined through  an  examination 
of  the  plant.  If  plants  are  stunt- 
ed, if  the  leaves  are  pale  green, 
if  cereals  are  slow  to  mature,  if 
the  vegetative  growth  of  the 
plant  is  satisfactory,  but  the 
grain  yield  is  low,  the  need  of 
phosphorus  is  indicated. 

Potassium  is  necessary  for  the 
formation  of  chlorophyll,  and  is  thus  a requirement  for  starch 
formation.  A deficiency  in  potassium  is  shown  if  the  stalks  and 
leaves  are  brittle,  if  leaves  of  fruit  trees  have  brown  patches 
on  them,  if  plants  are  susceptible  to  disease,  and  if  leaves  die 
prematurely  from  the  edge  toward  the  midrib.  Potassium  is 
generally  added  to  the  soil  in  the  form  of  potassium  chloride, 
potassium  sulphate,  potassium  carbonate,  or  it  may  be  mar- 
keted under  certain  trade  names.  Potassium  chloride  is  inju- 
rious to  such  crops  as  potatoes,  sugar  beets,  and  tobacco; 
for  these  crops  potassium  sulphate  is  usually  used. 

Fertilizers  containing  calcium  have  an  indirect  action 
upon  the  growth  of  plants  and  are  frequently  necessary. 
At  times  soil  may  become  sour  or  acid.  This  frequently 
happens  in  a poorly  drained  soil  where  there  is  a lack  of 


Fig.  273.  Mining  phosphate 
rock  for  fertilizer.  Industrial 
by-products  are  a more  common 
source  of  phosphorus  in  this 
country. 
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proper  ventilation.  The  addition  of  calcium  in  the  form 
of  ground  calcium  carbonate  (limestone),  calcium  oxide 
(quicklime),  calcium  hydroxide  (slaked  lime),  or  ashes 
neutralizes  the  acid  in  the  soil.  Whenever  legumes,  such  as 
alfalfa,  clover,  and  soy  beans,  are  to  be  grown,  it  is  essential 
that  the  soil  should  not  be  acid. 

Fertilizers  should  not  be  purchased  and  applied  to  the 
soil  in  a haphazard  fashion.  It  is  possible  to  add  too  much 
fertilizer,  which  will  harm  the  growth  of  plants.  Unless  the 
farmer  has  been  trained  or  has  had  abundant  experience 


Fig.  274.  An  end-gate  lime  spreader  at  work. 


with  fertilizers,  he  would  do  well  to  secure  the  advice  of  the 
Division  of  Chemistry  of  the  Dominion  Department  of  Agri- 
culture at  Ottawa.  Soils  may  be  sent  to  the  Division  of 
Chemistry  for  analysis,  and  the  exact  fertilizer  need  can  be 
determined.  Commercial  fertilizers  have  been  analyzed,  and 
farmers  may  obtain  information  concerning  their  value. 

Long  before  scientific  agriculture  was  possible,  farmers 
knew  that  if  a given  crop  were  grown  year  after  year  in  the 
same  field,  its  yield  would  become  less  and  less.  In  fact, 
after  many  years  of  this  practice  the  yield  proved  to  be 
only  half  that  of  a normal  crop.  Experimentation  has 
shown  that  some  systejn  of  rotating  the  crops  from  year  to 
year  must  be  followed  to  keep  the  yield  normal.  Table  11 
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shows  the  results  of  planting  corn  year  after  year,  of  plant- 
ing corn  followed  by  oats  and  again  by  corn,  and  of  following 
a three-year  rotation  of  corn,  oats,  and  clover. 


TABLE  11.  Corn  Yields.  (Three- Year  Averages.  Bushels  per  Acre.) 


Crop  System 

Thirteen- Year 
Experiments 

Twenty-Nine  Year 
Experiments 

Corn  every  year 

35 

27 

Corn  and  oats 

62 

46 

Corn,  oats,  and  clover 

66 

58 

Several  explanations  have  been  advanced  by  scientists 
to  account  for  the  lessening  of  the  yield  of  plants  grown 
year  after  year  in  the  same  soil.  Table  9,  page  320,  showed 
that  different  crops  take  different  quantities  of  minerals 
from  the  soil.  This  fact  is  the  basis  for  the  explanation 
that  in  following  one  crop  with  another,  different  demands 
are  made  on  the  soil.  For  example,  corn  removes  a great 
deal  of  nitrogen  from  the  soil.  Alfalfa  and  other  leguminous 
plants  do  not  remove  nitrogen  to  any  great  extent;  in  fact, 
they  may  add  nitrogen  to  the  soil.  Thus,  if  alfalfa  follows 
corn,  nitrogen  compounds  may  enter  the  upper  soil  from 
lower  or  adjacent  regions  through  capillary  action,  and 
from  the  nitrogen-fixing  bacteria  on  the  roots  of  the  alfalfa 
plants.  In  this  way  the  supply  of  nitrogen  is  renewed  for 
the  next  corn  crop.  Rotation  should  therefore  consist  of 
using  crops  which  make  different  demands  upon  the  soil. 

Some  scientists  believe  that  the  roots  of  plants  give  off 
substances  which  are  poisonous  to  the  roots  of  the  kind  of 
plant  which  produced  them.  If  the  same  crop  is  grown 
year  after  year,  these  poisons  accumulate  and  thus  injure 
the  yield.  If,  on  the  other  hand,  a different  crop  is  grown, 
there  will  be  time  for  these  poisons  to  be  removed  by  the 
soil  water  or  changed  into  other  materials.  However,  this 
explanation  is  doubted  by  many  scientists. 
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Experimentation  has  also  shown  that  if  the  same  crop 
is  grown  year  after  year,  the  fungi  and  insects  which  attack 
the  plant  accumulate  in  the  soil  and  thus  reduce  the  yield 

each  year.  Rota- 
tion of  crops,  there- 
fore, should  consist 
in  planting  crops 
which  are  not  at- 
tacked by  the  dis- 
eases or  insects  of 
the  preceding  crop. 
The  spores  of  the 
fungi  lose  their  vi- 
tality in  a few  sea- 
sons ; thus  the  same 
crop  can  be  planted 
every  few  years. 
The  theories  about 
which  you  have 
just  been  reading 
are  all  based  on 
most  careful  scien- 
tific investigation. 
It  is  probable  that 

Fig.  275.  The  summer  fallow  and  the  cultivated  each  of  these  theor‘ 
crop  give  the  best  preparation  for  a grass  crop,  ies  contributes  a 

part  of  the  ex- 
planation for  the  necessity  of  crop  rotation. 

How  does  man  provide  proper  food  for  his  animals?  Man 
must  not  only  provide  the  proper  materials  for  the  plants 
which  he  grows;  he  must  also  provide  for  the  animals  he 
raises.  Providing  food  for  animals  is  based  upon  the  same 
principles  as  providing  food  for  man.  To  determine  the 
elements  needed  by  animals,  it  is  necessary  to  make  a chem- 
ical analysis  of  the  tissues  of  the  animals  and  its  products. 
We  must  know,  for  example,  the  elements  present  in  the 
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body  of  a hen  as  well  as  those  present  in  the  egg.  Not  only 
must  the  foods  selected  contain  the  necessary  elements,  but 
the  elements  must  be  such  that  they  can  be  used  by  the 
animal.  A horse,  for  example,  should  not  be  fed  with  gar- 
bage; neither  should  a pig  be  fed  with  timothy  hay.  The 
digestive  apparatus  of  these  animals  is  not  adapted  to  mak- 
ing use  of  these  foods. 


TABLE  12.  Pounds  of  Food  Required  for  Daily  Rations 
for  Each  One  Hundred  Pounds,  Live  Weight 


Animal 

Description 

Total 

Dry 

Mat- 

ter 

Di- 

gest- 

ible 

Pro- 

tein 

Nutri- 

ents. 

Carbo- 

hy- 

drates 

Fat 

Total 

Nutri- 

tive 

Ratio 

Beef  cattle 

Prelim.  Portion 

3 .00 

0.25 

1 .30 

0.05 

1 .86 

1 to  6.5 

BEING  FAT- 
TENED FOR 

Main  Period 

3 .00 

0.30 

1 .45 

0.07 

1 .91 

1 to  5 . 4 

MARKET 

Finishing  Period 

2 .60 

0.27 

1 .50 

0.07 

1 .93 

1 to  6. 2 

Milk  cows 

11  lb.  Daily 

2 .50 

0.16 

1 .00 

0.03 

1 .23 

1 to  6 . 7 

(milk  yield) 

22  lb.  Daily 

2 .90 

0.25 

1 .29 

0.05 

1 .66 

1 to  5 . 7 

Light  Work 

2.00 

0.15 

0.95 

0.04 

1 .10 

1 to  7 

Horses 

Moderate  Work 

2.40 

0.20 

1 .10 

0.06 

1 .44 

1 to  6.2 

Heavy  Work 

2 .60 

0.25 

1 .33 

0.08 

1 .76 

1 to  6.0 

Swine  being 

Prelim.  Portion 

3.60 

0.45 

2.50 

0.07 

3.11 

1 to  5.9 

FATTENED 
FOR  MAR- 

Main Period 

3 .20 

0.40 

2 .40 

0.05 

2 .91 

1 to  6.3 

KET 

Finishing  Period 

2 .50 

0.27 

1 .80 

0.04 

2 .16 

1 to  7 . 0 

Experimentation  has  shown  exactly  what  kinds  of  foods 
and  what  amounts  of  foods  are  necessary  for  each  animal. 

It  has  also  disclosed  that  animals,  as  well  as  man,  need 
a balanced  diet.  Table  12  presents  some  figures  concerning 
the  kind  and  amount  of  food  necessary  for  different  animals. 

In  the  last  column  of  the  table  the  nutritive  ratio  is  given. 
The  nutritive  ratio  is  obtained  by  comparing  the  amount 

ofjprotein  contained  in  a ration  with  the  amount  of  carho-  _ 

hydrates  and  fat.  The  nutritive  value  of  the  fats  is  changed 
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to  that  of  the  carbohydrates  by  multiplying  by  2\.  This 
product  is  added  to  the  nutritive  value  of  the  carbohydrates 
so  that  a single  ratio  is  obtained.  A nutritive  ratio  of  1 
to  6.5  means  that  there  are  six  and  one  half  times  as  much 
carbohydrates  as  protein.  Many  significant  facts  about 
animal  feeding  can  be  obtained  by  a study  of  this  table. 


Fig.  276.  The  amounts  as  well  as  the  kinds  of  food  needed  by  animals 
have  been  determined. 


Suggested  Activity.  From  catalogues  of  seed  companies, 
nurseries,  and  fertilizer  dealers  gather  data  as  to  the  elements  and 
their  proportions  contained  in  the  various  fertilizers  offered  for  sale. 

Suggested  Activity.  If  your  parents  or  some  of  your  neigh- 
bors are  interested  in  gardening,  find  out  from  them  what  the 
fertilizer  needs  of  the  soil  are  in  your  locality. 

Self-testing  exercise  3.  Study  Table  12  and  answer  the  fol- 
lowing five  questions  “Yes”  or  “No.” 

1.  Do  all  animals  require  the  same  amount  of  food  per  one 
hundred  pounds  live  weight? 

2.  Is  the  amount  of  food  required  by  an  animal  always  the 
same  for  that  animal? 

3.  Is  the  nutritive  ratio  the  same  for  all  animals? 

4.  Is  the  nutritive  ratio  for  a given  animal  always  the  same? 
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5.  Is  the  proportion  of  carbohydrates,  fats,  and  proteins  the 
same  for  all  animals? 

Table  13  shows  the  results  obtained  by  feeding  horses 
on  different  combinations  of  foods.  The  table  shows  clearly 
that  one  ration  causes  a greater  daily  gain  in  weight  than 
either  of  the  other  two  rations.  This  example  is  typical  of 
thousands  of  investigations  which  have  been  carried  on 


TABLE  13.  Average  Weight  and  Gain  peir  Horse  on 
Different  Feeds.  (18  Horses;  6 in  a Lot.) 


Kind  of  Food 

Av.  Weight 
at  Beginning 

Av.  Weight 
at  End 

Av.  Pounds 
Gained 

Av.  Daily 
Gain 

L 

0 

T 

1 

Corn 

Bran 

Oil  Meal 

Clover 

1345 

1537 

192 

2 .29 

L 

O 

T 

2 

Corn  (|) 

Oats  (|) 

Bran 

Oil  Meal 

Clover 

1356 

1606 

250 

2.98 

L 

Corn  (|) 

O 

Oats  (|) 

T 

Bran 

1319 

1477 

158 

1 .88 

Oil  Meal 

3 

Timothy 

with  different  animals  to  determine  the  best  ration  for  them. 
The  data  which  have  been  presented  should  convince  you 
that  animal  feeding  is  a scientific  process  based  on  chemical 
analysis  of  animals  and  foods  and  on  experimentation  in  the 
feeding  of  these  foods  to  various  types  of  animals  under 
varying  conditions. 

Self-testing  exercise  4.  Answer  the  questions  asked  in  the 
study  suggestion  on  page  319. 
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Self-testing  exercise  5.  Make  a table  of  the  symptoms  in 
plants  which  indicate  that  there  is  in  the  soil  a deficiency  of 
lime,  of  nitrogen,  of  phosphorus,  of  potassium,  and  of  humus. 
Use  the  following  plan: 


Need  of  Fertilizers  as  Shown  by  Examination  of  Plants 


Symptom 

Fertilizer  Needed 

Yellowish  leaves,  etc. 

Nitrogen,  etc. 

Problem  3 : How  Does  Man  Conserve  Materials 
for  Later  Use  by  Living  Things  ? 

Study  Suggestions.  In  studying  this  problem  keep  four 
questions  in  mind:  (1)  Why  does  man  need  to  conserve?  (2)  What 
measures  has  he  taken  to  conserve?  (3)  What  remains  to  be  done 
to  secure  effective  conservation?  (4)  In  what  ways  can  I assist 
in  conservation? 

Until  recent  years  the  natural  resources  of  our  country 
have  been  regarded  as  inexhaustible.  It  is  easy  to  see  how 
this  attitude  has  arisen.  The  exploration  and  development 
of  the  country  has  opened  up  new  coal  fields,  new  oil  fields, 
new  forests,  and  new  mineral  resources.  The  supply  of 
these  products  has  been  so  far  beyond  the  yearly  need  that 
there  seemed  to  be  no  apparent  end  to  the  quantity  of  these 
materials.  Today,  however,  we  hear  that  our  supplies  of 
coal,  oil,  minerals,  and  lumber  are  diminishing  so  rapidly 
that  a few  generations  will  see  their  disappearance.  In 
the  face  of  such  statements  it  is  therefore  no  wonder  that 
the  need  of  some  policy  for  their  protection  has  arisen. 

How  are  we  conserving  our  forests?  When  the  colonists 
first  came  to  this  country  centuries  ago,  a great  part  of  the 
land  surface  was  covered  with  forests.  The  first  settlers 
commonly  regarded  the  forests  as  their  enemy.  In  them 
lurked  wild  beasts  and  Indians,  and  the  forests  had  to  be 
cleared  in  order  to  make  the  land  suitable  for  farming. 
This  attitude  toward  the  forest  persisted  throughout  the 
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pioneer  days;  and,  combined  with  the  idea  that  the  forest 
supply  was  inexhaustible,  it  led  to  the  destruction  of  the 
forests.  It  has  been  estimated  that  more  than  60  per  cent 
of  Canada’s  original  forest  stand  has  been  burned,  about  14 
per  cent  has  been  cut  for  use,  and  about  25  per  cent  remains. 

Various  demands  are  being  made  on  the  surviving  25  per 
cent.  During  the  ten  years  from  1926  to  1935,  the  average 
annual  consumption  for  use  of  standing  timber  came  to  some 
two  and  one  half  billion  cubic  feet.  Over  the  same  period, 
fire  destroyed  each  year  about  267  million  cubic  feet  of  mer- 
chantable timber  and  the  young  growth  of  various  ages  on 
850,000  acres.  The  damage  caused  by  insects,  fungi  and  wind- 
fall is  not  known,  but  is  estimated  at  700  million  cubic  feet  per 
year.  In  other  words,  the  forests  of  Canada  are  being  de- 
pleted at  the  rate  of  about  three  and  one  half  billion  cubic 
feet  per  annum. 

Now,  Canada  has  about  600,000  square  miles  of  timber 
in  a growing  condition.  These  lands,  under  forest  manage- 
ment, should  be  capable  of  producing  each  year  the  ten  cubic 
feet  per  acre  necessary  to  keep  pace  with  the  annual  de- 
pletion. For  the  time  being,  however,  the  rate  of  growth 
by  no  means  equals  the  rate  of  consumption. 

But  wastefully  managed  or  not,  our  forests  remain  an  im- 
portant source  of  wealth.  In  1935,  pulpwood  was  the  most 
valuable  single  product  of  Canadian  forest  operations,  com- 
prising about  one  third  of  the  total  timber  cut.  Slightly 
bigger  in  volume,  but  less  in  value,  were  the  lumber  and 
firewood  cuts.  Charcoal,  pitch,  wood  alcohol,  turpentine, 
gums,  dyes  and  many  chemicals  are  forest  products. 

The  forests  also  play  an  important  part  in  the  conserva- 
tion of  water.  Rain  falling  on  areas  covered  with  trees  is 
absorbed  by  the  litter  of  leaves  and  branches  on  the  forest 
floor  and  the  humus  in  the  soil.  The  water  retained  in 
this  way  is  given  out  slowly  through  underground  seepage 
and  is  thus  saved  to  the  soil.  Furthermore,  the  forests 
prevent  the  rapid  run-off  of  rainfall  into  streams,  thus 
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helping  to  avoid  floods.  The  great  floods  which  occur  from 
time  to  time  result  largely  from  the  destruction  of  the  forests. 
Originally  about  forty  per  cent  of  the  watershed  of  the 
Mississippi  River  was  covered  with  forests.  Today  less 
than  twenty  per  cent  of  this  area  is  forested.  There  is  no 
doubt  that  in  many  regions  an  effective  flood-control  must 
give  consideration  to  the  maintenance  of  forests  at  the 
headwaters  of  the  tributary  streams.  The  rapid  run-off 
of  water  into  streams  also  removes  many  soluble  minerals 
which  are  of  great  value  to  plant  growth,  and  forms  gullies 
which  interfere  with  the  farming  of  the  land.  The  fertile 


Fig.  277.  The  rich  top  soil  is  quickly  washed  away  on  barren  sidehills 
like  this.  (G.  D.  Fuller  photo.) 


parts  of  the  soil  are  thus  gradually  carried  away  and  emptied 
into  the  ocean.  Our  forests  are  therefore  not  only  of  value 
because  of  the  materials  which  they  furnish  us,  but  also 
because  of  their  effect  upon  the  water-holding  capacity  of 
the  soil  and  the  maintenance  of  soil  fertility. 

The  forests  have  many  enemies,  and  among  them  man 
is  one  of  the  most  destructive.  Fire  has  destroyed  nearly 
two-thirds  of  Canada’s  original  forest.  More  than  90  per  cent 
of  forest  fires  are  caused  by  the  carelessness  of  man.  The 
losses  in  logging,  in  the  mills,  and  in  the  manufacture  of 
lumber  products  are  so  great  that  probably  not  more  than 
one-fourth  of  the  wood  actually  cut  in  the  forests  is  utilized. 
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Insects  also  take  their  toll  from  the  forest.  They  bore 
into  the  trees,  feed  upon  the  leaves,  and  cause  injuries  which 
reduce  growth  and  which  open  the  way  for  attack  by  fungi. 
Sometimes  certain  insects  may  increase  very  rapidly  and 
cause  an  epidemic.  In  Quebec  and  New  Brunswick,  between 
1912  and  1923,  the  spruce  bud-worm  destroyed  115  million 
cords  of  spruce  and  balsam  pulpwood.  The  infestation  in 
these  provinces  is  now  past  its  peak,  but  the  insect  continues 
to  do  damage  in  northern  Ontario  and  Cape  Breton  Island. 


Fig.  278.  These  trees  have  been  stripped  of  their  leaves  by  gypsy 
moths,  and  many  of  them  killed. 

There  are  also  many  kinds  of  fungi  which  attack  trees. 
These  fungi  are  spread  by  spores  which  enter  the  tree  at 
points  where  the  bark  has  been  removed  or  broken.  Their 
mycelium  (see  page  43)  penetrates  the  wood  of  the  tree,  and 
decay  of  the  wood  follows.  The  loss  caused  by  the  various 
forms  of  rot  and  other  fungous  diseases  is  probably  not  much 
less  than  that  caused  by  insects  under  normal  conditions. 
To  a somewhat  lesser  degree  the  forests  are  damaged  by 
wind,  frost,  lightning,  and  certain  of  the  grazing  animals 
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which  destroy  the  buds  and  bark  of  young  trees  and  afford 
a ready  means  of  entrance  for  insects  and  the  spores  of  fungi. 
With  all  these  enemies,  it  is  no  wonder  that  the  forests  are 
disappearing. 

The  question  which  arises  is,  therefore,  what  can  man  do 
to  prevent  the  destruction  of  our  forests  and  to  provide  for  a 
continuous  growth  of  forests  for  future  use? 


Up  until  the  transfer  of  the  natural  resources  of  the 
Prairie  Provinces  from  federal  to  provincial  control  in  1930, 


Fig.  279.  Forest  fire  and  patroling  airplane.  This  photograph  was 
taken  in  the  vicinity  of  The  Pas,  northern  Manitoba.  The  timber 
shown  is  mostly  poplar  and  black  spruce.  (Dominion  Forest  Service.) 

the  Dominion  Forest  Service  was  responsible  not  only  for 
the  timber  stands  of  the  National  Parks,  and  the  Forest 
Experiment  Stations,  but  for  those  of  the  Prairie  Provinces 
as  well.  Since  1930,  however,  all  of  the  provinces,  except 
Prince  Edward  Island,  maintain  their  own  Forest  Services. 
The  Dominion  Forest  Service  has  thus  been  left  free  for 
research  in  the  fields  of  forest  economics,  forest  protection, 
forest  culture,  and  forest  products.  Under  its  supervision 
are  the  Forest  Experiment  Stations  distributed  across  the 
Dominion  and  the  Forest  Products  Laboratories  at  Ottawa, 
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Montreal  and  Vancouver.  From  such  organizations  we 
must  take  our  lead  in  the  work  of  conserving  the  forests  we 
still  have  and  of  replacing  the  forests  we  have  lost. 

Great  tracts  of  forest  land  today  are  unproductive  because 
of  devastating  fires 
and  destructive  meth- 
ods of  lumbering.  A 
large  part  of  these 
lands  can  be  made 
productive  again 
through  re-planting. 

A little  is  being  done 
along  this  line  but 
not  enough  to  keep 
up  with  the  quantity 
of  timber  consumed 
each  year. 

Fortunately  both 
the  federal  govern- 
ment and  the  provin- 
cial governments  are 
inclining  more  and 
more  toward  dispos- 
ing of  timber  by 
means  of  licenses  to 
cut,  rather  than  to 
sell  timber-lands  out- 
rio-ht  Thp  fnrp<5t<5  nf  Fig.  280.  Reforestation  can  produce  scenes  of 
ig  u.  i ne  luresLb  ui  beaut y like  this.  (Ontario  Forestry  Branch.) 
Alberta  are  only  7.7 

per  cent  privately  owned.  We  may  expect,  as  a result,  a 
closer  supervision  of  cutting  operations.  On  government 
lands,  for  instance,  regulations  provide  for  careful  methods 
of  lumbering  so  that  the  young  trees,  too  small  to  be  of 
value,  are  not  destroyed  when  the  larger  trees  are  felled. 

The  fire  hazard,  which  remains  the  forester’s  chief  concern, 
has  been  greatly  decreased  by  the  development  of  new 
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methods.  The  most  important  departure  of  recent  years  is 
the  use  of  aircraft  for  the  detection  of  forest  fires  in  their 
early  stages.  The  portable  gasoline-pump  has  been  a use- 
ful addition  to  the  fire-fighter’s  equipment.  It  delivers  an 
effective  volume  and  pressure  of  water  to  a point  several 
thousand  feet  from  the  source  of  supply. 

Methods  of  fire-prevention,  like  the  methods  of  fire-fighting, 
are  increasingly  efficient.  Legislation  now  provides  closed 
seasons  for  brush  burning,  and  seasons  during  which  permits 


Fig.  281.  Modern  fire  fighting.  A gasoline-pressure  pump  makes  the 
use  of  this  hose  possible. 


are  required  for  making  fires.  Popular  co-operation  in  reduc- 
ing the  fire  menace  is  due  largely  to  the  publicity  given  the 
problem  by  the  Canadian  Forestry  Association. 

How  are  we  protecting  our  wild  life?  From  a biological 
standpoint  it  has  become  increasingly  evident  that  some 
measures  must  be  taken  to  prevent  the  disappearance  of 
our  wild  life.  At  one  time  this  country  was  teeming  with 
wild  life  of  all  kinds.  Buffalo,  antelope,  elk,  bear,  moose, 
and  many  species  of  game  birds  were  found  in  every  suit- 
able habitat.  At  the  present  time  most  of  these  animals 
have  disappeared  except  in  the  few  areas  where  they  are 
protected. 

There  are  several  reasons  for  this  disappearance  of  our 
wild  life.  In  the  early  days  thousands  of  animals  were 
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trapped  or  slaughtered  and  shipped  to  the  market.  The 
fur-trapping  industry  at  one  time  was  an  important  source  of 
wealth  in  this  country.  Excessive  trapping  and  shooting 
for  sport,  made  possible  by  the  use  of  modern  firearms  and 
modern  trapping  devices,  have  been  among  the  principal 
causes  of  the  disappear- 
ance of  wild  life.  The  de- 
struction of  the  forests, 
which  afforded  shelter  for 
wild  life,  has  also  been  a 
vital  factor.  The  drainage 
of  marshes  and  the  pollu- 
tion of  streams  by  waste 
materials  from  factories 
have  also  taken  their  toll. 

Methods  designed  to 
secure  the  conservation  of 
wild  life  have  been  worked 
out  by  the  Dominion 
Government  through  the 
National  Parks  Bureau  of 
the  Department  of  Mines 
and  Resources  and  by 
the  provincial  governments 
through  certain  agencies  appointed  for  the  task.  In  addition 
to  maintaining  the  great  national  and  provincial  parks  as 
natural  habitats  for  wild  life,  these  bodies  deal  with  prob- 
lems relating  to  the  length  of  hunting  or  trapping  seasons, 
bag  limits  for  game,  maintenance  of  breeding  stocks,  harvest- 
ing the  annual  surplus  of  wild  life,  facilitating  the  maximum 
production  of  game  birds  and  fur-bearing  animals,  the 
diseases  and  parasites  of  wild  animals,  the  seasonal  migra- 
tion of  waterfowl,  bird  protective  laws,  and  food  habits  of 
animals  which  throw  light  on  their  value  or  harm  to  man. 

Over  the  years  various  laws  have  been  passed  which  are 
designed  to  conserve  birds,  game,  and  fur-bearing  animals. 


Fig.  282.  Not  so  many  years  ago  great 
flocks  of  these  lovely  passenger  pigeons 
darkened  the  sun  in  their  flight.  Now 
they  are  extinct.  (Brownell  photo) 
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By  the  Migratory  Birds  Convention  Act  of  1917,  the 
Dominion  of  Canada  assumed  responsibility  for  the  con- 
servation of  migratory  birds.  Co-operation  with  the  United 
States  has  been  arranged  because  a large  proportion  of  these 
birds  are  reared  in  Canada  and  feed  during  the  winter  in 
the  United  States.  Canada  has  bird  sanctuaries  covering 
an  area  of  more  than  one  thousand  seven  hundred  square 
miles. 


Fig.  283.  Duck  flights  like  this  were  common  in  the  early  days  of  our 
country.  Now  the  national  government  and  many  state  govern- 
ments are  making  strenuous  efforts  to  protect  the  duck  from  total 
destruction.  ( Field  and  Stream  photo.) 

The  provinces  for  the  most  part  have  passed  legislation 
in  support  of  the  provisions  of  the  Migratory  Birds  Conven- 
tion Act.  To  them  also  is  entrusted  responsibility  for  non- 
migratory  birds,  game  and  fur-bearing  animals,  and  control 
of  the  inland  fish  resources. 

The  movement  for  conservation  of  our  wild  life  is  desirable 
not  only  from  a recreational  point  of  view  but  also  from 
an  economic  standpoint.  Certain  of  our  wild  animals  are 
immensely  valuable  to  man  because  of  the  protection  which 
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they  afford  our  crops  and  trees  against  the  attacks  of  insects. 
You  will  have  observed  the  value  of  birds  in  this  respect. 
Fishes,  toads,  lizards,  alligators,  bats,  moles,  squirrels, 
skunks,  and  many  other  animals  feed  upon  insects  and 
destroy  countless  millions  of  them.  On  one  eight-acre 
tract  of  land  it  was  estimated  that  skunks  destroyed  116,160 
grubs.  So  serious  has  the  menace  of  injurious  insects  be- 
come that  one  investigator  has  declared  that  “if  we  do  not 
destroy  the  insects,  they  will  destroy  us.”  The  protection 
of  animals  which  prey  upon  injurious  insects  is  thus  an 
important  precaution  that  we  must  take. 

It  appears  therefore  that,  if  only  for  selfish  reasons,  we 
should  preserve  the  delicate  “balance  of  life,”  which  we  dis- 
cussed in  Unit  V.  There  are  various  complexities  we  must 
consider  in  going  about  this.  For  example,  our  Canadian 
beaver  has  a pelt  of  considerable  value  in  the  fur  industry, 
but  many  wild  life  authorities  believe  that,  left  alive,  he 
plays  a role  even  more  worth-while  in  our  national  economy. 
In  mountain  streams  he  is  an  unpaid  and  self-supporting 
water-power  engineer,  expert  at  constructing  dams  which 
impound  the  rush  of  spring  waters,  conserve  moisture,  and 
prevent  flooding  and  erosion  in  the  plains  below.  We  must 
be  warned  by  this  of  any  short-sighted  exploitation  of  our 
wild  life. 

Besides  the  passage  of  laws  to  prevent  the  destruction  of 
useful  wild  animals,  attempts  are  being  made  to  increase 
the  amount  of  wild  life.  Buffalo,  elk,  moose  and  deer  find  in 
Alberta’s  Buffalo  and  Elk  Island  Parks  the  conditions  neces- 
sary for  their  survival  and  increase.  In  the  same  province 
the  Nemiskam  and  Wawaskesy  Parks  give  sanctuary  to  the 
prong-horned  antelope.  In  recent  years  fur  farming,  or 
the  raising  of  animals  for  furs,  has  been  increasing.  At  the 
present  time  there  are  over  5000  fur  farmers.  This  business 
is  being  fostered  by  the  government  through  the  establish- 
ment in  Prince  Edward  Island  of  an  experimental  fox  ranch 
to  determine  the  best  methods  of  raising  these  animals. 
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How  are  materials  conserved  through  preventing  spoiling? 

Up  to  this  point  in  our  study  we  have  been  concerned  with 
the  conservation  of  certain  of  our  natural  resources.  It 
is  evident,  however,  that  conservation  can  also  be  practiced 
with  the  materials  which  man  raises.  Modern  science  has 
shown  the  way  for  an  enormous  saving  of  the  products  which 
man  uses  for  food,  clothing,  and  shelter.  Through  the  dis- 
covery of  the  causes  of  decay  in  food  products,  man  has 
learned  how  to  keep  foods  from  spoiling;  thus  thousands  of 
tons  of  food  products  each  year  are  saved.  Through  the 
storage  of  food  materials  under  proper  conditions  of  tem- 
perature and  moisture,  through  refrigeration  and  the  preser- 
vation of  food  by  chemicals  and  by  canning,  and  through 
the  conversion  of  plant  and  animal  products  into  materials 
which  do  not  deteriorate,  man  has  created  a food  supply 
which  is  constant  throughout  the  year.  The  treatment  of 
fabrics  with  chemicals  prevents  their  destruction  by  injurious 
insects.  The  treatment  of  wood  with  creosote  and  other 
preservatives  prevents  its  decay  and  contributes  to  its  length 
of  usefulness. 

Although  modern  science  has  discovered  many  new  ways 
of  conserving  materials  for  later  use,  in  actual  practice  an 
extremely  large  portion  of  the  materials  which  could  be 
saved  are  wasted.  Even  the  advanced  industrial  nations, 
with  all  their  modern  devices,  are  unable,  or  perhaps  un- 
willing, to  prevent  waste.  In  part,  this  is  caused  by  wasteful 
methods  of  handling  and  manufacturing.  The  greater  part 
of  waste,  however,  may  probably  be  charged  against  the 
individual.  Either  through  lack  of  knowledge,  lack  of  fore- 
sight, or  carelessness  many  materials  are  wasted  needlessly. 

Self-testing  exercise  6.  Write  a paragraph  on  each  of  the 
questions  asked  in  the  study  suggestion  on  page  330.  In  the 
study  material  of  this  problem  the  data  are  grouped  under  forests, 
wild  life,  etc.  It  will  be  necessary  in  this  exercise  to  group  the 
data  from  these  sources  under  the  new  headings  presented  by 
the  questions. 
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Problem  4:  How  Does  Man  Protect  Other 
Living  Things  from  Injury  and  Disease? 

Study  Suggestion.  Before  reading  the  material  presented  in 
this  problem,  make  a chart  to  show  the  relationship  of  man  to  the 
other  living  things  in  terms  of  their  usefulness  to  him.  This 
problem  presents  the  methods 
man  uses  to  control  the  living 
things  which  attack  the  ani- 
mals and  plants  he  raises. 

Keep  two  questions  in  mind 
as  you  study:  (1)  What  living 
things  are  harmful  to  man’s 
crops  and  animals?  and  (2) 

How  does  man  wage  war  on 
these  living  things? 

How  is  weed  control  ef- 
fected? When  a farmer 
plants  his  crops,  he  must  be 
prepared  to  give  battle  to 
the  other  living  things  which 
check  or  destroy  the  growth 
of  the  plants  he  is  attempt- 
ing to  raise.  In  the  struggle 
for  existence  between  his  plants  and  the  other  living  things 
which  try  to  obtain  a foothold  in  the  same  area,  he  must  util- 
ize all  of  the  weapons  which  science  has  forged.  Even  then 
he  is  frequently  the  loser  in  the  struggle. 

In  the  first  place,  when  the  farmer  plants  his  seeds,  the 
soil  already  contains  thousands  of  seeds  which  may  ger- 
minate and  produce  plants  when  the  proper  conditions  are 
present.  Several  investigations  have  shown  that  there  is 
almost  an  unbelievable  number  of  seeds  in  the  soil.  In  a 
field  that  was  intended  to  be  planted  with  spring  grain,  the 
same  crop  having  been  sown  for  four  successive  seasons, 
Korsmo,  a Russian  scientist,  found  that  there  were  33,574 
weed  seeds  on  one  square  metre  of  ground. 
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Similarly  a field  near  Lacombe  which  had  been  seeded  to 
oats  and  barley  for  nine  years  showed  the  presence  of  some 
20,240  weed  seeds  to  the  square  yard.  Weeds,  then,  are 
one  of  the  farmer’s  most  serious  problems.  They  rob  the 
soil  of  moisture  and  plant  food  ma- 
terials, thus  aggravating  the  effects  of 
drought ; they  compete  with  crop 
plants  for  room  and  light,  proportion- 
ately reducing  the  yield;  they  reduce 
the  value  of  land  and  the  quality  and 
price  of  grain  and  forage  crops;  their 
eradication  is  costly  and  diverts  the 
farmer’s  time  and  labor  from  more 
useful  ends.  Some  weeds  are  harmful 
either  to  stock  or  to  their  products; 
others  attract  injurious  insects  and 
harbor  fungous  diseases. 

Many  of  the  troublesome  weeds,  such 
as  the  prickly  lettuce,  common  plan- 
tain, tumble  weed,  spring  amaranth, 
ragweed,  foxtail  grass,  stinkweed,  wild 
oats,  and  false  flax,  are  annual  plants. 
Since  these  plants  die  each  year  and 
reproduce  the  next  year  from  their 
seeds,  the  most  evident  method  of  decreasing  the  next 
year’s  yield  is  to  prevent  the  production  of  seed.  This 
is  generally  accomplished  by  plowing  and  harrowing  before 
the  weeds  have  come  to  maturity.  Annual  weeds  thrive 
best  in  soil  that  has  been  broken  but  not  sown  with  a crop. 
Broken  land  (land  which  has  been  plowed),  therefore,  should 
not  be  permitted  to  lie  idle,  because  the  weeds  of  near-by 
fields  will  distribute  their  seeds  to  this  soil  where  they  can 
so  easily  take  root. 

Perennial  weeds,  such  as  the  Canada  thistle,  sheep  sorrel, 
toad  flax,  quack  grass,  and  Johnson  grass  reproduce  not  only 
by  seeds  but  also  by  underground  stems  or  runners.  They 


Fig.  285.  Members  of 
the  thistle  family  are 
widespread  plant  pests. 
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are  thus  very  difficult  to  eradicate,  because  the  underground 
portion  must  be  killed  as  well  as  seed  formation  prevented. 
Some  of  them,  like  the  quack  grass,  can  regenerate  fresh 
shoots,  as  you  learned  in  Unit  IV.  Several  methods  of 
control  have  been  tried  and  found  fairly  successful.  On 
a small  area  of  land  it  is  possible  to  dig  up  and  completely 
remove  roots,  rootstocks,  and  bulbs.  This,  of  course,  is 
impossible  upon  large  areas.  The  roots  may  be  starved  by 
preventing  the  growth  of  any  green  part  above  the  ground. 
This  is  accomplished  by  covering  small  patches  of  weeds 
with  straw  and  by  persistent  cultivation  of  fields.  Salt, 
kerosene,  or  strong  acids,  when  applied  to  freshly  cut  roots, 
destroy  them  for  some  distance,  but  this  method  is  too 
expensive  for  large  areas  of  land.  Dense  crops  of  hemp, 
buckwheat,  clover,  cowpeas,  or  millet  are  sometimes  planted 
to  smother  the  plants  and  exclude  the  light.  The  growing  of 
such  a smother  crop  for  two  or  three  years  in  succession  has 
almost  completely  eradicated  couch  grass.  Grain  crops  com- 
pete more  successfully  with  weeds  in  proportion  as  the  rate 
of  seeding  is  increased.  The  amount  of  mustard  in  a crop 
of  barley  was  reduced  from  239  pounds  to  91  pounds  of  seed 
per  acre  by  increasing  the  rate  of  seeding  from  one  bushel 
to  three  bushels  per  acre. 

One  source  of  weed  distribution  has  been  greatly  de- 
creased in  recent  years,  namely,  the  sowing  of  weed  seeds 
by  the  farmer  himself.  Analysis  of  one  sample  of  clover 
seed  weighing  19.4  ounces  showed  that  it  contained  8478 
weed  seeds,  representing  39  different  species.  Studies  of 
this  sort  were  made  a few  years  ago,  and  the  result  has  been 
the  establishment  of  seed-testing  laboratories  and  the  pas- 
sage of  laws  which  regulate  the  purity  of  seeds  offered  for 
sale.  These  laboratories  analyze  seed  samples  and  con- 
demn those  which  show  too  high  a proportion  of  weed  seeds. 

It  should  be  the  duty  of  every  citizen  to  cooperate  in  weed 
control.  Despite  all  of  the  measures  that  have  been  taken 
to  control  weeds,  they  still  are  a serious  menace  to  the  farmer. 
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What  methods  are  used  to  destroy  injurious  insects? 
In  addition  to  the  weeds  which  compete  with  the  plants  he 
cultivates,  the  farmer  must  also  wage  war  against  insects 
which  use  his  plants  for  food.  It  is  estimated  that  in  Canada 
the  yearly  damage  done  to  trees  and  crops  by  insects  amounts 
to  $200,000,000,  and  in  the  United  States  the  annual  loss  is 

estimated  at  $2,000,000,000. 

In  grain  growing  districts 
in  Canada  insects  represent 
the  greatest  controllable  fac- 
tor affecting  crop  produc- 
tion. In  the  Prairie  Prov- 
inces, for  example,  in  a 
given  year  millions  of  acres 
may  be  affected  by  grass- 
hoppers, and  several  hun- 
dred thousand  acres  by  the 
pale  western  cutworm  or 
wheat-stem  saw-fly.  In 
Eastern  Canada  potato 
growers  and  orchard  men 
know  the  destructive  na- 
ture of  the  Colorado  potato 
beetle  and  the  codling  moth. 
East  and  west,  who  has  not 
seen  a forest  of  trees  de- 
nuded of  foliage  by  the  tent  caterpillar? 

Control  of  the  pests  depends  first  on  a study  of  their 
habits  and  development.  To  this  end  Government  entomolo- 
gists have  made  careful  research  into  the  feeding  habits  and 
the  different  steps  through  which  the  insects  pass  in  attain- 
ing maturity.  It  has  been  found  that  the  damage  is  caused 
usually  in  certain  stages  of  development,  and,  in  some  cases, 
that  the  insect  feeds  on  only  certain  portions  of  the  plant. 

For  example,  the  cutworm  moth  appears  from  its  pupa 
about  August  1st,  and  immediately  starts  laying  eggs.  Cul- 


Fig.  286.  This  band  of  sticky  paper 
prevents  these  climbing  caterpillars 
from  reaching  the  foliage  of  the  tree. 
(International  Harvester  photo.) 
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tivation  of  summer  fallow, 
therefore,  should  be  com- 
pleted before  August  1st, 
so  that  the  surface  of  the 
soil  may  have  time  to  be- 
come encrusted,  which  will 
prevent  the  moth  from 
laying  her  eggs  in  the  soft 
earth. 

An  example  of  the  rela- 
tion between  study  and 
control  may  be  seen  in 
methods  of  wheat-stem 
saw-fly  prevention.  This 
black,  wasp-like  insect 
that  has  been  so  damaging 
to  western  crops,  lays  its 
tiny  eggs  during  the  last 
two  weeks  of  June,  on  the 
stems  of  grains  and  grasses 
just  above  the  top  joint. 
When  the  eggs  hatch,  in 
three  or  four  days,  the 
larvae  eat  their  way  down 
through  the  stem  of  the 
plant,  until  just  before 
harvest  time  they  reach 
the  roots,  saw  off  the  stem 
above  them,  seal  over  the 
trunk  of  the  stalk  and  re- 
main there  during  the  win- 
ter months. 

The  most  effective 
means  of  control  is  to  sow 
brome  grass  or  early  oats 
as  a trap  around  the  fields 


Fig.  287.  A saw-fly,  enlarged. 


Fig.  288.  The  western  wheat-stem 
saw-fly : ( 1 ) straw  cut  open  to  show  tun- 
neling of  larva;  (2)  plant  severed  near 
ground;  (3)  stub  with  larva  in  winter 
position;  (4)  stem  showing  character- 
istic resting  position  of  saw-fly;  (5)  fe- 
male saw-fly;  (6)  mature  larva.  (Illus- 
trations about  one-half  natural  size.) 

(Grain  Growers’  Guide.) 


Fig.  289.  This  map  indicates  where  grasshopper  outbreaks  may  be  expected 
in  Alberta.  The  Alberta  and  Dominion  Departments  of  Agriculture  make 
these  suggestions:  ( 1 ) Every  few  days  after  May  10  examine  carefully  all  road- 
sides, headlands,  and  weedy  or  abandoned  fields.  Report  discovery  of  hoppers 
immediately  to  the  Municipal  Secretary.  (2)  Do  not  sow  stubble  land.  If 
absolutely  necessary  to  seed  stubble,  it  should  be  ploughed  deeply.  (3)  Land  to 
be  summer-fallowed  should  be  cultivated  shallowly  early  in  the  spring  to  bring 
egg  pods  to  the  surface  where  wind  and  rain  may  destroy  them.  (4)  Plough 
four-rod  guard  strips  around  all  stubble  fields.  Cultivate  such  fields  from  the 
outside  towards  the  centre,  and  poison  the  hoppers  on  the  centre  strip. 
SPREAD  POISONED  bait  while  the  SUN  SHINES.  (Adapted  from  an 
official  poster  forecast  of  the  areas  of  grasshopper  infestation  in  1939.) 
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to  be  protected.  The  moths  then  lay  their  eggs  in  the  brome 
or  oats,  and  as  brome  grass  and  oats  are  not  good  food  for 
the  larvae,  they  are  killed.  Rotation  of  oats  with  wheat  is 
also  a preventive  of  serious  damage,  as  the  oat  crop  lessens 
the  infestation.  Also,  an  infested  wheat  crop  should  be 
cut  on  the  green  side  before  the  larvae  saw  off  the  stems. 


Fig.  290.  Spraying  fruit  trees  with  insect  poison 

Grasshoppers,  perennial  plagues  in  ancient  times,  lay  their 
eggs  in  the  fall  to  hatch  in  early  May  and  June.  In  Western 
Canada,  where  summer  fallowing  is  practised,  clean  fallow, 
free  from  weeds,  is  usually  also  free  from  grasshopper  eggs 
in  the  fall.  On  cropped  ground,  deep  fall  ploughing  buries 
the  eggs  so  deeply  that  young  grasshoppers  cannot  reach 
the  surface  of  the  soil  in  the  spring.  Poisoned  bait  is  fre- 
quently used  to  kill  grasshoppers.  A common  recipe  con- 
sists of  fifty  pounds  each  of  bran  and  sawdust  mixed  with 
about  twelve  gallons  of  a solution  of  salt  and  water,  sweet- 
ened with  a couple  of  quarts  of  molasses  and  rendered  deadly 
with  five  pounds  of  white  arsenic  or  Paris  green.  The  mixture 
is  spread  thinly — about  twenty  pounds  of  wet  bait  per  acre. 
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Whether  the  means  of  insect  control  be  poison,  soil  culti- 
vation, crop  rotation,  the  sowing  of  special  crops,  or  whatever 
it  may  be,  community  cooperation  is  essential,  so  that  one 
farm  freed  from  a pest  may  not  be  infected  by  insects  from 
a neighboring  farm  where  control  measures  have  not  been 
taken.  To  make  cooperation  possible  Government  Bureaus, 
through  research  and  continued  study,  are  able,  in  many 
cases,  to  forecast  an  infestation  of  a particular  insect.  For 
example,  the  map  on  page  346  was  copied  from  one  pub- 
lished in  March  1939,  to  show  the  forecast  of  the  appearance 
of  grasshoppers  in  Alberta  the  following  summer.  Com- 
munity and  individual  efforts,  particularly  in  the  sections  of 
the  province  marked  “very  severe”  and  “severe,”  would  go 
far  toward  decreasing  the  expected  damage. 

A second  class  of  poisons  are  called  contact-poisons. 
They  kill  the  insect  through  contact,  and  are  generally 

used  with  sucking  insects.  Nico- 
tine, soap,  oil  emulsions,  sul- 
phur preparations,  and  kerosene 
emulsions,  are  commonly  used 
for  this  purpose.  Products  that 
have  been  stored  are  usually  pro- 
tected by  fumigants  in  gaseous 
form;  these  enter  the  tracheae  of 
the  insect  and  kill  it. 

The  protection  of  plants  by 
chemicals  is  a task  for  an  ex- 
pert, since  many  factors  must 
be  considered.  First,  the  kind 
of  insect  causing  the  damage 
must  be  determined.  This  is 
quite  often  a difficult  task.  Second,  the  kind  of  spray  to  use 
and  a satisfactory  method  of  application  must  be  determined. 
In  addition  to  these  factors,  the  cost  of  the  process  must  be 
calculated,  and  the  probable  return  in  added  crop  as  a result 
of  the  treatment  must  be  determined.  Table  14  shows  the 
valuable  results  of  spraying  obtained  on  three  farms. 


Fig.  291.  Dusting  a field  of 
cotton  by  airplane  to  destroy 
the  boll  weevil.  (U.  S.  Bureau 
of  Entomology.) 
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TABLE  14.  Summary  of  Results  from  Spraying  Fruit  Trees 


Treatement 

Disease 

Insect 

Spray 

Unblemished 

Injury 

Injury 

Injury 

Fruit 

Sprayed 

1.56% 

6.97% 

1.05% 

88.5% 

Un  sprayed 

20.4% 

46.7% 

0% 

31.0% 

How  does  man  fight  disease  in  his  plants  and  animals? 
The  first  column  in  Table  14  shows  the  decrease  in  injury 
by  disease  as  a result  of  spraying.  This  brings  us  to  another 
great  group  of  plant  enemies:  the  rots,  scabs,  rusts,  smuts, 
and  other  fungi  which  infest  plants.  Fungous  diseases  each 
year  inflict  heavy  damage  on  plant  life.  The  common  method 
of  control  is  by  chemical  treatment. 

The  progress  made  and  methods  employed  by  man  in  the 
control  of  plant  disease  can  be  illustrated  by  the  story  of  the 
barberry  bush  and  its  relation  to  the  rusts  of  small  grains. 
Stem  rust  has  been  a destructive  disease  for  thousands  of 
years.  The  first  relationship  between  the  barberry  and  rust 
was  noted  in  the  17th  century,  when  farmers  discovered 
that  rust  was  always  very  common  near  barberry  bushes, 
and  that  as  the  distance  increased,  the  rust  was  less  severe. 
No  explanation  was  possible  at  this  time.  In  1865  DeBary, 
a German  scientist,  discovered  the  stages  in  the  life  cycle  of 
rust.  The  rust  which  grew  on  the  barberry  was  one  stage  in 
the  development  of  the  grain  rust.  The  spores  from  the 
barberry  rust  were  scattered  by  the  wind  to  the  stems  and 
leaves  of  the  grains,  where  they  reproduced  and  infected  the 
plants.  As  a result  of  DeBary’s  discovery,  a campaign  for 
the  destruction  of  barberry  bushes  has  been  instituted. 

Canada  may  profit  from  the  campaign  of  destruction  waged 
on  the  barberry  bush  in  the  United  States.  While  there  are 
very  few  plants  of  the  barberry  in  Western  Canada,  out- 
breaks of  rust  still  occur.  And,  since  the  rust  spores  may 
travel  in  the  air  hundreds  of  miles,  there  seems  little  doubt 
that  the  rust  infections  in  Western  Canada  in  1935  were 
produced  by  spores  brought  by  currents  of  air  from  Minne- 
sota and  South  Dakota. 
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In  the  United  States,  surveys  have  been  conducted  to 
locate  barberry  bushes  and  destroy  them.  The  State  of 
Wisconsin,  for  example,  has  destroyed  over  five  million  bar- 
berry bushes  since  its  campaign  started.  The  work  is  still 
going  on,  and  there  is  every  reason  to  believe  that  through 

the  destruction  of  barberry 
bushes  the  fight  against 
rust  will  ultimately  end  in 
a victory  for  man. 

But  our  Canadian  lab- 
oratories for  plant  study 
have  not  been  content  to 
wait  and  hope  that  rust 
damage  will  disappear  with 
the  destruction  of  the  bar- 
berry. The  full  urgency 
of  the  problem  was  first 
felt  by  Canadian  farmers 
in  1916,  when  an  unusually 
severe  attack  of  wheat 
stem  rust  devastated  the 
fields  of  Manitoba  and 
eastern  Saskatchewan  at 
a cost  of  millions.  Im- 
proved methods  of  plant 
breeding,  which  you  will 
find  discussed  in  Unit  8, 
seemed  to  offer  the  chance 
of  creating  a variety  of 
wheat  that  would  resist  the 
ravages  of  rust.  It  became  a question,  not  of  checking  the 
disease  at  its  source,  but  of  growing  wheat  with  a special 
immunity  against  it.  The  Dominion  Rust  Research  Labora- 
tory was  accordingly  established  at  Winnipeg.  Hundreds 
of  rust-resistant  wheats  have  been  produced,  of  which  the  most 
promising  have  been  Renown,  Apex,  and  Thatcher.  The  spe- 


Fig.  292.  Illustrating  how  new  wheat 
varieties  reduce  losses  due  to  plant 
diseases.  Apex  (right)  and  Marquis 
(left)  under  severe  drought  conditions 
in  1935  in  southeast  Saskatchewan. 
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cial  rust-resisting  quality  of  the  University  of  Saskatchewan’s 
Apex  is  shown  in  Figure  292.  Note  the  cleanness  of  head 
and  stem  as  compared  with  the  Marquis  specimens. 

Farm  animals  also  suffer  from  the  attacks  of  insects  and 
other  parasitic  animals.  Lice,  mites,  and  ticks  of  many 
different  varieties  prey  upon  pigs,  cows,  horses,  sheep,  and 
chickens.  These  pests  weaken  the  resistance  of  animals 
to  disease  and  may  interfere  with  the  proper  growth  of  the 
animal  or  its  output. 

Chickens,  for  example,  often  become  infested  with  the 
common  chicken  mite.  It  is  a bloodsucker,  and  remains 
on  the  body  of  the  host  until  it  is  gorged  with  blood;  then 
it  returns  to  its  hiding  place  in  cracks,  refuse,  and  other 
obscure  places.  Setting  hens  often  leave  their  nests  as  a 
result  of  infestation,  and  decrease  in  chicken  production 
usually  results.  The  common  remedy  is  to  disinfect  the 
interior  fixtures  and  all  crevices  and  cracks  with  some  solu- 
tion such  as  kerosene  emulsion,  or  crude  petroleum,  which 
will  destroy  the  mites.  This  is  usually  followed  by  a coat 
of  whitewash  which  fills  up  many  of  the  crevices.  Chickens 
are  also  infested  with  several  varieties  of  lice.  When  this 
type  of  infestation  occurs,  the  birds  are  dipped  into  a solution 
of  sodium  fluoride,  which  is  destructive  to  these  insects. 

In  general,  the  same  measures  are  employed  in  destroying 
insect  pests  and  other  parasites  of  other  kinds  of  animals. 
The  most  important  preventive  measures  which  can  be 
taken  are  as  follows:  (1)  Keep  the  living  quarters  of  animals 
in  a sanitary  condition.  (2)  Quarantine  all  sick  animals 
at  the  earliest  sign  of  illness.  (3)  Quarantine  (for  several 
weeks)  any  new  animals  that  may  be  purchased,  and  watch 
them  for  signs  of  infestation  and  disease  before  they  are 
allowed  to  run  with  the  other  animals. 

In  addition  to  the  infestations  of  insects  and  parasites, 
animals  are  also  subject  to  many  kinds  of  diseases.  One 
of  the  most  costly  diseases  has  been  that  of  hog  cholera. 
Animals  infected  with  this  malady  and  slaughtered  under 
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government  supervision  in  1914  numbered  34,779.  The 
compensation  paid  by  the  Dominion  for  these  animals 
amounted  to  $196,981.  An  epidemic  of  about  one  third 
these  proportions  occurred  in  1928.  However,  ten  years 
later,  the  report  of  the  Veterinary  Director  General  for  the 
1937-38  season  shows  the  number  of  hogs  slaughtered  for 
this  disease  cut  to  exactly  five.  The  improvement  is  due  in 
part  to  the  preventive  treatment  worked  out  by  Marion 
Dorest. 

Briefly,  the  preventive  treatment  consists  in  giving  the 
hog  a dose  of  serum  and  a dose  of  virus.  The  serum  is  pre- 
pared from  the  blood  of  hogs  that  are  immune  to  cholera, 
that  is,  hogs  that  cannot  contract  the  disease.  These  im- 
mune hogs  are  injected  with  the  blood  of  hogs  sick  with  the 
cholera.  This  blood  contains  the  germ  which  causes  the 
disease.  The  result  is  the  production  of  antibodies  (substances 
that  fight  disease  germs)  in  the  body  of  the  immune  hog. 
The  serum  is  prepared  from  the  blood  of  these  hogs,  and 
contains  these  antibodies. 

The  serum  treatment  alone  will  protect  the  hog  from 
cholera  for  some  time,  but  it  is  not  permanent.  For  a more 
permanent  preventive  it  is  necessary  to  inoculate  the  hog 
with  the  blood  of  an  animal  sick  from  the  disease.  This 
blood,  or  virus,  contains  live  cholera  germs.  These  germs 
cause  a reaction  in  the  hog  which  establishes  an  immunity 
similar  to  that  produced  in  hogs  that  recover  from  a natural 
attack  of  the  disease.  Enough  serum  must  be  given  to  neutral- 
ize the  effect  of  the  germs  and  permit  the  production  of  an 
oversupply  of  the  antibodies  that  fight  the  disease  germs. 

But  problems  continue  to  crop  up.  Concern  is  now  being 
felt  in  the  Prairie  Provinces  over  an  outbreak  in  epidemic 
form  of  encephalomyelitis,  a disease  of  horses  that  manifests 
itself  by  nervous  symptoms.  A summary  compiled  from 
questionnaire  forms  shows  that  on  sixty-five  farms  107  out 
of  670  horses  developed  the  disease  with  a mortality  rate  of 
approximately  6 per  cent.  The  Animal  Diseases  Research 
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Institute  has  succeeded  in  isolating  the  virus  of  equine 
encephalomyelitis  and  so  has  completed  the  initial  stages  in 
working  out  a preventive  treatment.  The  serum-virus 
method,  outlined 
above  in  connection 
with  hog  cholera,  is 
reported  to  have 
given  good  results. 

But  until  final  data 
is  available,  certain 
measures  may  be 
taken  to  avert  the 
spread  of  the  disease. 

Since  it  is  known  that 
the  infection  may  be 
transmitted  by  in- 
sects, the  Department 
of  Agriculture  recom- 
mends the  isolation 
of  affected  horses  in 
screened  quarters,  or 
where  this  is  not  pos- 
sible, the  use  of  sprays 
to  prevent  insect  biting,  and  finally  the  stabling  of  horses 
not  at  work  during  the  insect  season. 

Another  disease  which  results  in  millions  of  dollars  of  loss 
each  year  is  tuberculosis.  This  disease,  however,  is  slowly 
being  eradicated.  A number  of  years  ago  a new  test  was 
discovered,  which  may  be  used  to  determine  whether  or  not 
an  animal  has  tuberculosis.  This  test,  called  the  tuberculin 
test,  is  administered  in  several  ways.  One  method  is  to 
inject  the  tuberculin  underneath  the  skin.  If  the  animal  has 
tuberculosis,  its  temperature  will  rise  in  a few  hours  and 
then  subside  (Figures  294  and  295). 

In  the  course  of  fifty  years’  official  testing  for  bovine 
tuberculosis,  the  government  has  worked  out  three  systems 


Fig.  293.  Inoculating  a hog  with  cholera  serum. 
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or  “policies”  of  control.  The  Accredited  Herd  Plan  was 
designed  to  protect  pure-bred  cattle.  An  accredited  herd  is 
one  which  has  passed  two  clean  tests  with  an  interval  of 
a year.  Under  this  plan  reactors — those  animals  which 
exhibit  the  temperature  rise  in  the  tuberculin  test — are 


Fig.  294.  The  temperature  curve  of  a healthy  cow  which  has  been 
given  the  tuberculin  injection. 


Fig.  295.  The  temperature  curve  of  a tubercular  cow  which  has  been 
given  the  tuberculin  injection. 


slaughtered,  the  owners  being  compensated  by  the  gov- 
ernment. On  March  31,  1939  there  were  some  eight  thousand 
fully  accredited  herds.  The  Supervised  Herd  Plan  accom- 
modates herds  of  grade  cattle  not  qualifying  for  care  under 
the  Accredited  Herd  Plan.  The  procedures  are  the  same 
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except  that  under  the  Supervised  Herd  Plan  no  compensation 
is  paid  for  the  reactors  slaughtered.  There  were  49,000 
herds  of  cattle  under  the  plan  in  1938.  The  Restricted  Area 
Plan  is  a device  for  eliminating  tuberculosis  piece-meal  by 
districts.  At  the  request  of  two-thirds  of  the  stock  owners 
in  a given  area  the  federal  Minister  of  Agriculture  will 
gazette  that  area  for  special  attention.  Since  testing  is 
compulsory,  compensation  is  paid  for  animals  slaughtered, 
and  to  keep  the  area  “clean,”  rigid  restrictions  are  placed 
on  the  importation  of  outside  cattle.  These  three  control 
policies  have  resulted  in  a decrease  in  tuberculosis  infection 
from  5%  in  1928  to  3%  in  1938. 

It  is  hoped  that  a recently  developed  method  of  vaccinating 
cattle  will  make  them  immune  to  tuberculosis  just  as  human 
beings  can  be  made  immune  to  it.  The  practice  is  to  vaccinate 
the  calves  within  two  weeks  after  birth  and  once  each  year 
thereafter.  Results  so  far  have  been  very  satisfactory,  but 
the  method  has  not  been  in  use  long  enough  as  yet  to  make 
scientists  sure  that  all  cattle  can  be  made  immune  in  this 
way. 

Experimentation  has  shown  that  tuberculosis  in  cattle 
can  be  transmitted  to  human  beings  in  the  meat  and  also  in 
the  milk.  Such  tuberculosis  does  not  attack  the  lungs  of 
human  beings,  but,  instead,  it  affects  certain  glands  and  the 
bones.  Children  are  particularly  susceptible  to  it.  The  prob- 
lem is  therefore  an  important  one  for  all  to  consider.  A 
great  many  of  our  municipalities  require  that  the  milk  sold 
in  the  city  be  pasteurized  (heated  to  a temperature  of  from 
131°  to  158°)  or  be  from  herds  which  the  tuberculin  test 
has  shown  to  be  healthy.  The  government  has  inspectors 
in  all  of  the  large  meat-packing  plants  to  inspect  the  meat 
for  tuberculosis.  Their  findings  are  in  support  of  our  other 
evidence  showing  that  the  incidence  of  the  disease  has  been 
much  decreased.  The  campaign  for  the  eradication  of 
tuberculosis  in  cattle  is  thus  producing  results,  and  this 
disease  may  ultimately  be  eliminated. 
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Self-testing  exercise  7.  Write  a two-page  answer  to  the  ques- 
tion of  this  problem.  Your  answer  should  be  in  the  form  of  a 
summary  of  the  methods  employed  by  man  in  protecting  his 
domesticated  plants  and  animals. 

Additional  Exercises 

1.  Why  does  the  formation  of  a crust  on  the  surface  of  the  soil 
in  the  hot  summer  months  increase  the  rate  of  evaporation  from 
the  soil? 

2.  How  does  the  cultivation  of  the  top  layer  of  the  soil  break 
the  lines  of  capillarity? 

3.  Refer  to  a physics  textbook  and  write  an  explanation  of 
capillary  force. 

4.  Why  does  the  addition  of  too  much  fertilizer  to  the  soil 
sometimes  kill  the  plant? 

5.  Make  a list  of  the  practices  mentioned  in  this  unit  which 
favor  more  rapid  growth  of  plants  or  animals. 

6.  Assume  that  a farmer  intended  to  raise  wheat.  If  he  pro- 
ceeded in  a scientific  manner,  what  steps  would  he  take  to  insure 
a good  crop?  Explain  the  necessity  of  each  step. 

7.  How  is  the  soil  conserved  under  natural  conditions? 

8.  What  laws  does  your  province  have  to  conserve  its  natural 
resources  and  wild  life? 

9.  Find  out  all  you  can  about  the  pruning  of  shrubs  that  are 
used  for  decorative  purposes  around  houses.  Are  there  different 
times  for  pruning  different  kinds  of  shrubs?  How  should  the 
cut  be  made,  and  why?  What  shrubs  are  particularly  adapted 
to  shaping? 

10.  At  what  time  of  day  is  it  best  to  water  the  garden  and 
the  lawn?  Why? 

11.  Find  out  whether  anything  is  being  done  by  your  com- 
munity to  protect  trees.  The  men  in  charge  of  your  parks  can 
probably  give  you  some  information.  Perhaps  certain  individuals 
in  your  town  or  city  have  called  in  tree  experts  to  save  trees  in 
their  yards. 
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HOW  ARE  LIVING  THINGS  IMPROVED? 

Preliminary  Exercises 

1.  Write  the  letters  (a)  to  (e)  in  a column.  Mark  with  a plus 
sign  the  letters  of  those  statements  which  correctly  complete  the 
main  statement. 

The  world  of  living  things  today  is  different  from  the  world  of 
living  things  several  million  years  ago  in  that — 

(a)  There  are  certain  kinds  of  living  things  today  which  did 
not  exist  several  million  years  ago. 

(&)  There  existed  several  million  years  ago  certain  living  things 
which  do  not  exist  today. 

(c)  Man  has  changed  the  characteristics  of  some  living  things 
so  that  they  differ  from  their  early  ancestors. 

( d ) Man  has  improved  many  living  things  for  his  own  use. 

( e ) Man  has  domesticated  certain  plants  and  animals  and  has 
destroyed  others. 

2.  Write  the  letters  (a)  to  ( n ) in  a column.  Then  write  “True” 
or  “False”  after  each  letter  according  to  whether  the  statement 
so  lettered  is  correct  or  incorrect. 

(a)  Living  things  tend  to  resemble  their  parents. 

(b)  Living  things  inherit  characteristics  from  their  parents. 

(c)  Living  things  are  exactly  like  their  parents. 

( d ) Modifications  in  structure  which  occur  during  the  life  of  an 
individual  are  transmitted  to  the  offspring. 

(e)  It  is  impossible  for  new  species  to  come  into  existence. 

(/)  Plants  and  animals  always  breed  true. 

(g)  Plants  can  be  improved  by  selecting  the  best  plants  of  each 
generation  and  using  their  seed  for  the  next  crop. 

(h)  Animals  possess  definite  characteristics  which  may  be  prop- 
agated through  selection. 

(i)  Animals  and  plants  may  be  improved  through  cross-breeding. 

(j)  New  types  of  living  things  are  produced  through  variation. 
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(k)  The  environment  produces  changes  in  living  things. 

(/)  Animals  belonging  to  different  families  can  be  crossed  to 
produce  new  species. 

(m)  Pure-bred  animals  produce  better  offspring  than  mongrel 
types  of  animals. 

( n ) Man  has  modified  natural  laws  to  effect  changes  in  living 
things  which  will  be  beneficial  to  him. 

The  Story  of  Unit  VIII 

If  you  ask  someone  to  tell  you  about  the  changes  that 
have  taken  place  in  the  world  during  the  past  one  thousand 
years,  his  answer  will  generally  consist  of  an  enumeration  of 


Fig.  296.  European  wild  hogs.  From  the  long-nosed,  long-legged, 
and  slender  wild  hogs  of  Europe  and  Asia  have  been  developed  the  fat, 
short-legged  “porkers”  that  are  now  such  an  important  source  of  food. 

(Underwood  and  Underwood  photo.) 

the  inventions  and  discoveries  by  which  man  has  harnessed 
the  physical  forces  of  nature.  Rarely,  if  ever,  will  the  answer 
include  a statement  of  the  changes  which  have  taken  place 
in  the  living  things  of  our  world.  But  if  you  and  I could 
be  transported  back  to  a thousand  years  ago,  we  would  gaze 
upon  a different  world  of  living  things. 

To  be  sure,  the  same  kinds  of  living  things  were  present 
then  that  are  present  now.  We  would  see  human  beings, 
horses,  cows,  pigs,  fruits,  vegetables,  and  grains.  But  we 
would  observe  great  differences  in  the  characteristics  dis- 
played by  those  living  things  of  a thousand  years  ago  and 


HOW  ARE  LIVING  THINGS  IMPROVED? 


359 


those  of  today.  Even  the  people  would  be  different.  So 
far  as  their  form  and  structure  were  concerned,  they  would  be 
like  the  people  of  today.  But  their  behavior  would  be  quite 
different.  Their  world  lacked  the  refinements  and  advantages 
of  our  modern  world,  and  their  behavior  was  adapted  to 
the  relatively  crude  surroundings  in  which  they  lived. 

If  you  could  compare  the  vegetables,  fruits,  and  grains 
of  a thousand  years  ago  with  those  of  today,  you  would  also 
find  great  differences.  Our  domesticated  plants  are  very 
different  from  the  wild  ancestors  from  which  they  are  de- 
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Fig.  297.  Models  of  hogs,  illustrating  the  various  grades.  Compare 
the  cull  (poorest  grade)  with  the  wild  hogs  in  Figure  420.  Note  how 
similar  they  are. 

scended.  You  may  be  familiar  with  wild  grapes,  crab  apples, 
roses,  gooseberries,  rice,  and  other  wild  plants.  You  prob- 
ably have  tasted  wild  grapes,  wild  crab  apples,  and  other 
fruits.  Some  of  them  are  delicious;  others  are  sour  or  bitter 
or  full  of  seeds.  All  of  them  differ  in  size,  taste,  or  in  some 
other  characteristics  from  the  domesticated  varieties. 

During  the  thousands  of  years  since  man  first  began  to 
domesticate  living  things,  he  has  worked  to  produce  plants 
and  animals  which  would  better  meet  his  needs.  That  he 
has  succeeded  in  this  task  is  easily  proved  by  comparing  our 
domesticated  varieties  of  plants  and  animals  with  their  wild 
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ancestors.  Domesticated  fruits  are  larger  and  sweeter,  domes- 
ticated horses  are  faster  and  can  pull  greater  loads,  domesti- 
cated sheep  have  better  wool,  and  domesticated  grains 
produce  a greater  yield  than  the  wild  varieties. 

Improvement  in  living  things  has  also  been  brought  about 
by  Nature  herself.  Millions  of  years  before  man  appeared 
on  the  earth,  living  things  were  being  selected  by  Nature  on 
the  basis  of  their  fitness.  Those  which  were  adapted  to  meet 


Fig.  298.  How  man  improves  corn.  Plant  1 is  a pure-bred,  variety 
called  Lancaster  Surecrop,  shown  for  comparison.  Plants  2 and  4 
were  cross-pollinated  with  each  other,  and  from  their  seed  grew 
Plant  3.  Plants  4 and  6 were  cross-pollinated,  and  from  their  seed 
grew  Plant  5.  Notice  that  Plants  3 and  5 are  both  taller  than  the 
parent  plants  2,  4,  and  6. 

the  various  conditions  of  the  environment  survived;  those 
which  were  not  adapted  perished.  Even  today  these  forces 
are  operating  to  determine  which  species  will  survive.  Man 
has  in  no  wise  changed  or  modified  natural  laws;  he  has 
only  discovered  and  used  them  in  producing  the  changes 
which  he  wishes.  Man  is  able  to  produce  changes  in  living 
things  by  following  the  methods  practiced  by  Nature  herself. 

Man  cannot  create  new  living  things.  He  cannot  change 
them  by  himself.  Living  things  have  within  them  the  pos- 
sibility of  change.  Through  hundreds  and  perhaps  thousands 
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of  years  man  was  ignorant  of  how  these  changes  were  brought 
about  in  living  things.  The  methods  which  he  employed  to 
secure  better  plants  and  animals  were  largely  those  of  “trial 
and  success.”  But,  during  the  past  hundred  years,  through 
experimentation  he  has  discovered  the  laws  which  operate  to 
produce  changes  in  living  things  and  has  applied  them  to 
improve  plants  and  animals  for  his  own  use. 

Some  of  the  questions  which  you  should  be  able  to  answer 
when  you  have  finished  this  unit  are:  How  has  man  pro- 
duced our  domesticated  apple  from  the  wild  crab  apple? 
How  can  man  grow  ten  different  kinds  of  apples  on  the  same 
tree?  How  can  different  fruits  be  crossed  to  obtain  entirely 
new  fruits?  How  are  seedless  oranges  and  grapes  grown? 
How  are  plants  developed  which  resist  certain  kinds  of  dis- 
eases? How  can  the  yield  of  a certain  plant  be  increased? 
How  can  man  produce  grains  composed  of  just  the  right  pro- 
portion of  carbohydrates,  fats,  and  proteins  necessary  for 
his  use?  All  of  these  questions,  and  many  others,  can  be 
answered  if  one  understands  how  Nature  operates  to  pre- 
serve the  characteristics  of  living  things  and  how,  at  the 
same  time,  she  provides  for  the  possibility  of  change. 

Problem  1 : Why  Is  It  Possible  to  Modify 
Living  Things? 

Study  Suggestion.  In  Unit  V you  learned  something  about 
the  struggle  for  existence  and  how  the  survival  of  a living  thing 
depended  upon  its  adaptation  to  the  environment.  You  also 
learned  that  changes  are  constantly  taking  place  in  living  things, 
resulting  in  new  forms  of  life.  In  this  problem  you  will  learn  how 
these  changes  in  the  structure  of  living  things  are  brought  about. 
It  would  be  desirable  to  review  Problem  5 and  Problem  6 of  Unit  V, 
as  you  will  probably  understand  them  better,  and  they  will  help 
you  in  your  study  of  this  problem. 

When  a farmer  purchases  a bushel  of  seed  corn  and  plants 
it,  he  expects,  if  conditions  are  favorable,  to  raise  a crop  of 
corn.  He  is  absolutely  certain  that  the  seeds  will  develop 
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into  corn  plants,  and  not  wheat  or  oat  plants.  And  if  the 
seed  from  the  crop  he  has  raised  is  planted,  he  will  raise 
another  generation  of  corn  plants.  These  statements,  of 
course,  may  appear  rather  foolish,  but  they  illustrate  one 
of  the  fundamental  principles  of  biology,  namely,  that  suc- 
cessive generations  tend  to  resemble  their  parents.  This 
tendency  is  known  as  heredity.  This  tendency  makes  it 
possible  to  predict  within  limits  the  characteristics  of  a 
forthcoming  generation  of  plants  or  animals.  It  is  through 


Fig.  299.  Note  how  the  markings  of  this  calf  resemble  those  of  the 
father  at  the  left.  If  the  mother  had  been  of  the  same  breed  as  the 
father,  the  markings  would  have  been  even  more  similar  than  they 
are  here. 

the  application  of  this  principle  to  plant  and  animal  breeding 
that  man  has  been  able  to  produce  changes  in  living  things. 

Why  do  living  things  differ  in  some  respects  from  their 
parents?  While  living  things  may  resemble  their  parents  in 
many  ways,  they  cannot  be  exactly  like  both  parents.  This 
would  be  possible  only  if  the  two  parents  were  exactly  alike. 
Observation  of  the  characteristics  of  living  things  has  shown 
that  there  are  no  two  individuals  exactly  alike.  Individuals 
differ  in  color  of  hair,  texture  of  hair,  shape  of  nose,  hands, 
or  other  parts  of  the  body,  color  of  skin,  length  of  various 
body  parts,  and  many  other  characteristics.  Of  course,  the 
two  parents  might  have  hair  of  the  same  color,  in  which  case 
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the  offspring  would  resemble  both  parents  in  this  respect. 
But  many  of  the  characteristics  would  be  different  in  the  two 
parents.  The  offspring  might  possess  certain  characteristics 
of  one  parent  and  certain  characteristics  of  the  other  parent 
The  result,  therefore,  would  be  offspring  which  would  differ 
in  some  respects  from  both  parents.  Since  both  parents 
contribute  to  the  offspring,  there  is  thus  secured  the  possi- 
bility of  variation , that  is,  the  possibility  of  a change  in  the 
form  and  structure  of  living  things.  If  it  were  not  for  this, 


Fig.  300.  The  mule,  shown  at  the  right,  is  the  offspring  of  a male 
donkey  and  a female  horse.  In  size,  strength,  courage,  smoothness 
of  hair,  and  formation  of  teeth  it  resembles  the  horse.  In  certain 
physical  characteristics  and  in  patience,  endurance,  and  sure-footedness 
it  resembles  the  donkey. 

man  would  find  it  difficult,  if  not  impossible,  to  improve  the 
living  things  which  he  selects  for  his  use. 

If  you  look  about  you,  you  will  find  abundant  evidence 
to  show  that  variations  or  changes  take  place.  For  example, 
if  you  picked  at  random  one  hundred  ears  of  Golden-glow  corn, 
you  would  find  that  the  number  of  rows  of  kernels  would 
vary  from  about  eight  to  twenty-six.  The  average  is  usually 
about  sixteen  to  eighteen  rows,  there  being  very  few  of  the 
extreme  conditions.  Variation  in  the  length  of  beans  is 
shown  by  Table  15,  on  the  next  page. 

If  one  selects  a hundred  or  more  plants  or  animals  of  a 
given  species  and  examines  them  for  given  characteristics, 
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variations  such  as  are  shown  in  Table  15  will  always  be  found. 
As  we  shall  see  in  Problem  2,  variation  enables  man  to  im- 
prove the  living  things  which  he  selects  for  his  use. 


TABLE  15.  Variation  in  Length  of  Beans  from  a Cross  Between 
a Long- and  Short-Seeded  Bean  (Data  from  Johanssen) 


Length  in  Millimetres 


Number  of  Seeds 


9—10 

10—11 

11—12 

12— 13 

13— 14 

14— 15 

15— 16 

16— 17 

17— 18 


2 

20 

136 

540 

1068 

1125 

636 

180 

18 


Fig.  301.  The  unit  characters  of  these  different  kinds  of  ferns  are 
plainly  seen  in  the  shapes  of  the  leaves  and  the  arrangement  of  the 
spore-bearing  bodies.  (L.  W.  Brownell  photos.) 


Observation  and  experimentation  with  living  things  have 
shown  that  individuals  are  made  up  of  more  or  less  inde- 
pendent characters,  or  what  are  generally  called  unit  charac- 
ters. For  example,  there  are  many  varieties  of  peas,  each  of 
which  has  one  or  more  distinguishing  characteristics  or  unit 
characters.  The  ripe  seeds  may  be  deeply  wrinkled  or 
smooth;  the  seed  coats  may  be  brown  or  white  or  gray  or 
green  or  yellow;  or  the  unripe  pods  may  be  green  or  yellow. 
A given  plant  has  many  unit  characters.  For  example, 
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it  may  have  the  following:  tallness,  a certain  form  of  the 
seed,  a certain  color  of  the  pod,  etc.  Each  of  these  unit 
characters  is  handed  down  to  the  next  generation  as  a unit. 

Suggested  Activity. 

Accurately  measure  and 
record  the  height  of  each 
pupil  in  the  class.  Record 
also  the  age.  Make  a 
graph  for  pupils  of  each 
age  group,  showing  the 
number  of  pupils  of  each 
height.  If  the  class  is 
small,  obtain  records  from 
other  pupils  in  the  school. 

What  variation  in  height  is 
shown?  What  is  the  average 
height  for  each  age  group? 

How  are  characteristics  transmitted  from  the  parents  to 
the  offspring?  In  Unit  IV  you  learned  how  living  things 
reproduce.  You  remember  that  during  the  process  of  fer- 
tilization the  sperm  cell  unites  with  the  egg  cell.  The  fertilized 
egg,  by  a process  of  cell  multiplication  (Unit  III),  finally 
develops  into  an  adult  plant  or  animal.  Since  the  new  in- 
dividual grows  from  a fertilized  egg,  it  is  evident  that  the 
sperm  cell  and  the  egg  cell  must  contain  all  of  the  unit  char- 
acters which  determine  the  kind  of  individual  that  is  to  be 
produced.  Not  only  is  this  true,  but  certain  unit  characters, 
often  different  in  kind,  are  present  in  both  the  parents.  For 
example,  one  plant  may  bear  yellow  and  the  other  green  seeds, 
or  one  plant  may  be  tall  and  the  other  short.  The  offspring 
manifestly  cannot  be  both  tall  and  short.  To  understand 
what  determines  the  characters  which  the  offspring  will  have, 
we  must  study  the  process  of  fertilization. 

If  the  nucleus  of  a plant  or  animal  cell  which  is  dividing 
is  examined  under  a high-power  microscope,  it  will  be  found 
to  contain  rod-like  structures  or  other  bodies  (Figure  302). 
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These  are  called  the  chromosomes.  The  number  of  chromo- 
somes varies  with  the  different  species  of  animals  and  plants. 
These  chromosomes  are  thought  to  be  bearers  of  the  hereditary 
characters.  It  used  to  be  believed  that  each  unit  character 
was  represented  in  the  chromosomes  by  a certain  factor,  or 
gene.  It  is  now  believed,  however,  that  there  are  many 
genes  which  cooperate  in  producing  a unit  character.  There 


Fig.  303.  Color  inheritance  in  guinea  pigs.  Although  the  first  genera- 
tion are  all  black,  yet  they  have  both  black  and  white  genes,  as  shown 
by  the  fact  that  one  of  the  offspring  of  two  of  these  black,  first-genera- 
tion guinea  pigs  is  white. 

are  thus  thousands  of  genes  in  the  chromosomes,  which  act 
together  to  produce  the  character  of  the  living  thing  as  a 
whole.  All  of  the  bearers  of  unit  characters  of  a parent  are 
present  in  the  sperm  cell  of  the  male  or  the  egg  cell  of  the 
female.  When  the  sperm  cell  and  the  egg  cell  unite,  the 
fertilized  egg  will  thus  contain  two  sets  of  genes,  one  set 
having  been  inherited  from  each  parent. 

When  two  sets  of  different  genes  are  brought  together, 
what  happens?  Suppose  that  a black  guinea  pig  mates  with  a 
white  guinea  pig,  what  is  the  color  of  the  offspring?  It 
might  be  thought  that  the  colors  would  blend  to  produce  a 
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gray  or  a black-and-white  guinea  pig,  but  such  is  not  the  case. 
The  offspring  of  the  first  generation  are  black.  The  gene  for 
black  is  stronger  than  the  gene  for  white.  The  character 
which  prevails  when  two 
different  sets  of  genes  are 
brought  together  is  called 
the  dominant  character,  and 
the  one  which  is  suppressed 
is  called  the  recessive  char- 
acter. It  must  not  be  con- 
cluded that  because  a given 
unit  character  does  not  ap- 
pear in  a given  generation, 
the  character  is  lost.  The 
offspring  of  the  black  and 
the  white  guinea  pigs  still 
possess  both  genes.  If 
these  offspring  are  mated, 
the  next  generation  will  be 
three-fourths  black  and 
one-fourth  white.  The 
white  character  may  thus 
appear  in  succeeding  gen- 
erations. This  is  true  be- 
cause the  genes  do  not  blend.  Each  retains  its  independence 
or  unity. 

Through  the  work  of  Gregor  Mendel,  an  Austrian  monk, 
it  is  possible  to  predict  mathematically  the  nature  of  the 
offspring  when  the  characters  will  not  blend.  Mendel  chose 
two  strains  of  peas,  one  with  yellow  seeds  and  the  other  with 
green  seeds.  He  cross-pollinated  the  two  strains  of  plants 
(Unit  IV).  This  was  accomplished  by  removing  the  stamens 
from  flowers  of  some  of  the  plants  and  dusting  the  pollen  from 
one  strain  upon  the  stigma  of  the  other  strain.  The  flowers 
were  then  covered  with  paper  bags  to  prevent  any  more  cross- 
pollination taking  place.  The  fertilized  egg  thus  contained 


Fig.  304.  Gregor  Mendel  (1822-1884), 
through  whose  patient,  careful  work 
man  has  learned  how  the  characteris- 
tics of  living  things  are  passed  on 
from  parent  to  offspring. 
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bearers  of  both  of  these  unit  characters.  When  the  seeds 
were  mature,  he  planted  them;  and  the  result  was  a generation 
of  peas  with  yellow  seeds.  The  yellow  was  thus  dominant 
over  the  green.  He  cross-pollinated  the  plants  of  this  genera- 
tion and  grew  the  seeds  produced;  the  result  was  a mixture 
of  plants,  some  of  which  bore  green  seeds  and  some  of  which 
bore  yellow  seeds.  There  were,  however,  three  plants  bear- 
ing yellow  seeds  to  every  one  bearing  green  seeds. 

YELLOW  SEEDS  (dominant)  GREEN  SEEDS  (recessive) 

Parental  Generation  | 


The  first  generation  of  offspring  were  all  yellow  seeds. 


YELLOW  SEEDS 
(pure) 


Second 


Generation  of  Offspring 


YELLOW  SEEDS 
(impure) 


Third 


YELLOW  SEEDS 
(impure) 


Generation  of  Offspring 


GREEN  SEEDS 
(pure) 


Fig.  305.  Diagram  of  color  inheritance  in  pea  seeds,  as  demonstrated 
by  Mendel’s  experiments. 


When  the  plants  with  green  seeds  were  cross-pollinated 
with  pollen  from  other  plants  bearing  green  seeds,  they  pro- 
duced nothing  but  plants  with  green  seeds.  The  plants  with 
the  yellow  seeds,  however,  behaved  differently.  Some  pro- 
duced descendants  with  pure  yellow  seeds,  and  some  produced 
another  generation,  part  of  which  bore  green  seeds  and  part 
of  which  bore  yellow  seeds.  The  same  proportion  again 
appeared,  namely,  three  plants  with  yellow  seeds  to  one  with 
green  seeds.  The  plants  which  contained  both  the  yellow 
and  the  green  seed  characters  and  which  produced  a mixed 
generation  have  been  called  hybrids.  Hybrids,  if  cross- 
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pollinated,  produce  a generation  in  which  one-fourth  of  the 
plants  will  show  one  of  the  characters  and  will  breed  true , 
one-fourth  of  the  plants  will  show  the  other  character  and  will 
breed  true,  and  one  half  of  the  plants  will  be  hybrids  like 
the  parents  and  will  produce  a mixed  generation  (Figure  305). 
This  mathematical  statement  of  the  way  in  which  two  dif- 
ferent genes  behave  when  they  are  brought  together  is 
known  as  Mendel’s  law. 

In  the  examples  cited  above,  one  set  of  genes  was  stronger 
than  the  other,  that  is,  it  was  completely  dominant  over  the 
other  set.  As  a result,  the  hybrids  took  the  color  of  the  dom- 
inant set  of  genes.  In  some  cases,  however,  one  set  of  genes 
is  not  completely  dominant  over  the  other,  and  the  offspring 
may  present  a characteristic  intermediate  between  the  two. 
For  example,  if  a red  Four-o’clock  is  crossed  with  a white 
Four-o’clock,  the  flowers  of  the  first  generation  will  be  pink. 
When  these  flowers  are  cross-pollinated,  one-fourth  of  the  off- 
spring will  be  red,  one-half  will  be  pink,  and  one-fourth  will 
be  white.  It  is  not  possible  to  obtain  pink  Four-o’clocks 
which  will  produce  all  pink  flowers.  As  a rule,  however,  one 
set  of  genes  is  completely  dominant  to  the  other. 

The  experiments  of  Mendel  and  others  show  how  varia- 
tions occur.  The  offspring  vary  from  their  parents  because 
they  receive  different  mixtures  of  genes  from  each  parent. 
Some  of  these  genes  are  dominant  over  others,  and  the  result 
is  an  individual  having  unit  characters  which  are  different 
from  those  of  each  parent.  The  variations  which  occur  as 
the  result  of  this  mixed  inheritance  of  genes  make  it  possible 
for  man  to  select  the  unit  characters  which  he  wishes  and  to 
produce  plants  and  animals  bearing  these  characters.  How 
this  is  accomplished  will  be  considered  in  Problem  2. 

Suggested  Activity.  Study  the  pupils  in  your  class  and  pre- 
pare a list  of  the  specific  characteristics  that  distinguish  them 
from  each  other. 

Suggested  Activity.  Collect  leaves  from  some  species  of 
plants.  Can  you  find  any  two  leaves  which  are  exactly  alike? 
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Why  are  living  things  constantly  changing?  Occasionally, 
living  things  appear  possessing  characteristics  which  cannot 
be  explained  by  the  already  existing  characters  of  the  race. 
For  example,  there  appeared  in  Colorado  in  1910  a sun- 
flower with  red  flowers.  Seeds  from  this  plant  were  grown, 
and  the  succeeding  generation  also  developed  red  flowers. 
In  other  words,  it  bred  true.  It  could  not  have  been  a 
hybrid,  because  in  this  case  the  succeeding  generation  would 
have  followed  Mendel’s  law.  It  was  evident  therefore  that 


Fig.  306.  Occasionally  there  appears  as  a mutant  an  animal  that  is 
pure  white,  while  others  of  its  kind  are  black,  or  some  other  solid 
color.  Such  mutants  are  known  as  albinos.  This  picture  shows  an 
albino  crow.  At  the  left  is  a relative  of  the  crow,  a blackbird. 

this  was  a new  species  of  sunflower.  Changes  of  this  kind 
have  been  called  mutations.  Scientists  have  not  definitely 
determined  the  exact  cause  of  mutation,  but  it  is  thought  to 
be  caused  by  some  change  in  the  genes  or  some  change  which 
affects  the  chromosomes.  Mutations  may  give  rise  to  new 
species  and  probably  account  in  part  for  the  many  species 
of  plants  and  animals.  If  the  new  species  formed  by  mutation 
presents  some  character  which  adapts  it  better  to  the  environ- 
ment than  the  original  species,  it  tends  to  survive  and  may 
even  eliminate  the  old  species  by  natural  selection.  Living 
things  have  within  themselves  the  possibility  of  continuous 
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improvement  from  generation  to  generation.  Mutations  which 
appear  are  often  selected  and  cultivated  by  man,  resulting  in 
living  things  that  are  better  adapted  to  his  purpose. 

The  possibilities  of  change  in  living  things  which  have 
been  considered  up  to  this  point  have  been  concerned  with 
changes  brought  about  through  the  action  of  the  genes. 
These  changes,  of  course,  may  be  inherited  by  the  next  gen- 
eration, and  so  through  generation  after  generation  there  is 
constant  variation.  The  variations  which  result  in  living 


Fig.  307.  Some  years  ago  there  was  discovered  on  a West  Virginia 
hillside  an  apple  tree  bearing  a golden-colored  apple  that  had  the 
shape  and  the  flavor  of  the  well-known  dark  red  Delicious  apple. 
This  was  a mutant.  Now  we  have  the  Golden  Delicious  apple. 

(Photo  from  Stark  Brothers  Nurseries.) 

things  well  adapted  to  the  environment  survive  and  are 
passed  on  to  succeeding  generations.  Disadvantageous  vari- 
ations usually  result  in  the  early  death  of  the  individual  and 
thus  are  not  transmitted. 

Another  possibility  of  producing  changes  in  living  things 
is  brought  about  by  the  action  of  environmental  factors  upon 
living  things.  By  this  we  mean  the  total  physical  surround- 
ings, such  as  the  varying  conditions  of  moisture,  temperature, 
food,  and  light.  The  ways  in  which  living  things  adjust 
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or  fit  themselves  to  the  environment  have  been  discussed 
in  Unit  V.  One  of  the  earlier  theories,  that  of  Lamarck 
(1744-1829),  a French  zoologist,  attempted  to  account  for  the 
constant  variation  of  living  things  and  the  development  of 
new  species  on  the  basis  that  modifications  which  occur  in 
living  things  as  a result  of  their  reaction  to  the  environment 
can  be  transmitted  to  the  offspring.  Much  experimenta- 
tion has  been  carried  on  to  determine  if  this  is  true.  At  the 
present  time  there  is  no  evidence  to  justify  a belief  in  or  to 
establish  the  truth  of  this  theory.  The  feet  of  women  in 
China,  for  example,  have  been  bound  for  thousands  of  years. 
According  to  this  theory  it  would  seem  that  there  should  be 
a gradual  decrease  in  the  size  of  the  feet  of  Chinese  women. 
No  such  decrease,  however,  occurs.  It  would  also  appear  by 
this  theory  that  a child  of  a great  musician  born  after  the 
parent  has  acquired  skill  would  possess  more  musical  skill 
than  a child  of  the  same  musician  born  before  he  has  acquired 
skill.  This,  however,  is  not  true.  In  the  present  state  of 
our  knowledge  there  is  not  sufficient  evidence  to  justify  the 
belief  that  modifications  acquired  during  life  can  be  inherited. 

The  environment,  however,  does  play  a part  in  modifying 
living  things,  because  only  those  living  things  which  are 
adapted  to  live  in  it  may  survive.  From  the  viewpoint  of 
man,  the  environment  is  an  important  factor  in  modifying 
living  things  which  he  selects.  Through  the  regulation  of 
conditions  and  materials  he  can  modify  the  living  things  of 
any  one  generation.  Although  these  changes  are  not  in- 
heritable, he  can  produce  another  generation  with  the  same 
characteristics  by  again  regulating  conditions  and  materials. 

Suggested  Activity.  Write  to  companies  which  sell  seeds  or 
nursery  products  and  obtain  one  of  their  catalogues.  Make  a 
list  of  the  new  kinds  of  plants  shown. 

Self-testing  exercise  1.  Write  a paragraph  in  which  you  explain 
(1)  why  it  is  possible  for  variations  to  occur,  (2)  how  variation 
takes  place,  and  (3)  how  variation  helps  us  to  understand  the 
great  variety  of  living  forms  which  we  now  have. 
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Problem  2:  How  Does  Man  Improve  Living 
Things  by  Selection  and  Breeding? 

Study  Suggestion.  Problem  1 presented  the  general  principles 
underlying  the  improvement  of  living  things.  In  this  problem 
the  practical  application  of  these  principles  by  the  farmer,  the 
animal  breeder,  and  the  horticulturist  will  be  discussed.  Your 
study  should  result  in  an  understanding  of  the  methods  employed 
in  improving  plants  and  animals  and  also  of  the  value  of  the 
methods  from  an  economic  standpoint. 

In  Canada  man’s  skill  in  adapting  living  things  to  his 
needs  has  solved  at  least  one  outstanding  economic  problem 
with  outstanding  success — that  of  discovering,  or  more 
exactly,  creating,  a quality  spring  wheat  which  yields  well 
and  still  ripens  soon  enough  to  escape  the  prevailing  early 
frosts  in  our  Canadian  West. 

The  Red  Fife  commonly  grown  on  the  prairies  at  the  end 
of  the  last  century  met  these  specifications  except  that  it 
matured  dangerously  late  in  the  season.  The  search  for  a 
perfect  spring  wheat  became  the  special  charge  of  the 
Dominion  Experimental  Farms  System  inaugurated  in  1886. 

The  first  move  was  to  make  a trial  in  Canada  of  wheats 
grown  successfully  in  other  countries  under  conditions  similar 
to  Canada’s.  Seventy-four  varieties  were  imported  for  plot 
trial  in  1889,  most  of  them  from  northern  Russia  and  the 
higher  plateaus  of  India.  Ladoga,  native  to  the  region 
north  of  Leningrad,  was  found  to  ripen  early,  to  yield  well, 
and  in  preliminary  tests  to  bake  well.  Three-pound  bags  of 
seed  grain  were  accordingly  sent  to  several  hundred  western 
farmers.  Further  trial  showed  that  while  the  field  qualities 
of  good  yield  and  early  maturity  remained  stable,  Ladoga 
lacked  the  strength  of  gluten  which  the  millers  of  the  world 
had  come  to  expect  and  demand  of  Canadian  wheat. 

Meanwhile,  in  the  event  of  no  wheat  plant  being  found 
to  meet  the  standards  set,  the  Director  of  the  Experimental 
Farms,  Dr.  William  Saunders,  and  his  assistants  were  using 
their  skill  to  create  a plant  of  the  type  desired  by  crossing. 
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Heredity,  you  learned  in  Problem  1,  ensures  the  reap- 
pearance in  the  offspring  of  the  stable  or  permanent  char- 
acteristics of  the  parents.  This  means  not  only  that  identical 
parents  will  produce  identical  offspring,  but  also  that  dis- 
similar parents  will  produce  offspring  dissimilar  to  either 
parent  and  showing  the  different  parental  traits  in  some 
new  combination.  Dr.  Saunders  had  scientific  reason  to 
believe  then  that  if  two  varieties  of  wheat  could  be  found 
which  between  them  made  up  the  sum  of  the  qualities  de- 
sired, a cross-breeding  of  the  two  strains  should  produce 
sooner  or  later  the  perfect  spring  wheat. 

This  much  for  the  principle.  The  method  has  been  pre- 
viewed for  you  in  Unit  IV.  Cross-breeding  or  cross-pollina- 
tion means  the  artificial  transference  of  the  fertilizing  element 
— the  yellow  dust  or  pollen — from  the  anthers  of  one  variety 
to  the  stigmas  of  another.  Self-pollination  in  the  latter  has 
been  prevented  by  removal  of  its  anthers  before  they  have 
emitted  their  pollen.  The  newly-introduced  pollen  grains 
develop  a small  tube  which  penetrates  downward  to  the 
embryo  sac.  There  the  pollen  tube  discharges  the  sperm 
cells,  which  unite  with  the  egg  cells  to  form  a mass  contain- 
ing the  characters  of  the  two  parent  plants. 

The  initial  efforts  of  Dr.  Saunders  and  his  staff  produced 
worth-while,  if  not  startling,  results.  Out  of  crosses  between 
Ladoga  and  Red  Fife  came  such  varieties  as  Preston,  Stan- 
ley, Huron,  and  Percy,  wheats  maturing  earlier  than  Red 
Fife  but  of  inferior  quality.  In  1892  Dr.  Saunders  discarded 
Ladoga  and  brought  together  for  the  first  time  the  high- 
quality,  prolific  Red  Fife  and  the  early-maturing  Hard  Red 
Calcutta,  ultimately  to  produce  the  superb  Marquis  wheat. 

The  advent  of  Marquis  wheat  into  Canadian  agriculture 
can  accurately  be  called  epoch-making.  Within  twelve  years 
of  its  introduction,  Marquis  occupied  not  less  than  90  per 
cent  of  all  the  spring  wheat  area  in  the  Dominion.  Its  pop- 
ularity was  due  to  its  ability  to  ripen  from  three  to  ten  days 
earlier  than  Red  Fife,  to  its  greater  strength  of  straw,  and 
to  its  greater  yielding  ability  and  high  baking  quality. 
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Observe  the  two  principles  of  plant  improvement  in- 
volved in  this  work.  In  1892  no  one  could  foresee  that 
any  such  banner  wheat  as  Marquis  would  emerge  from 


Fig.  308.  A fine  stand  of  Marquis  wheat. 


the  crossing  of  Red  Fife  and  Hard  Red  Calcutta.  For 
it  was  not  merely  a question  of  crossing  two  varieties  and 
from  the  seed  obtained  producing  at  once  the  variety  we  call 
Marquis.  Between  that  cause  and  this  effect  necessarily 
intervened  years  of  painstaking  work.  The  reason  is  that 
when  two  plants  are  crossed,  the  bad  qualities  as  well  as  the 
good  are  transmitted  to  the  offspring.  Both  patience  and 
discernment  are  needed  to  choose  from  among  the  derivative 
plants  that  which  contains  good  characteristics  in  the 
highest  degree  and  bad  characteristics  in  the  lowest.  In 
fact,  the  Cereals  Division  of  the  Experimental  Farms  System 
— under  the  direction  now  of  Dr.  Charles  Saunders,  a son 
of  Dr.  William  Saunders — was  not  ready  to  release  Marquis 
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for  trial  in  the  Prairie  Provinces  until  1907.  Between  1892 
and  1907,  Charles  Saunders  took  his  father’s  original  Red 
Fife-Hard  Red  Calcutta  hybrids  several  times  through  the 
process  of  cross-pollination — from  a variety  of  strains  select- 
ing and  fostering  always  the  most  desirable  and  improving 
even  on  it  by  further  cross-breed- 
ing. His  procedure,  in  effect,  was 
by  cross-breeding  to  encourage 
nature  to  produce  new  variations, 
and  to  select  artificially  from  the 
variations  offered  those  containing 
in  highest  degree  the  qualities 
desirable  to  man. 

Evidently  we  have  here,  supple- 
menting each  other,  two  principles 
which  man  may  employ  in  altering 
living  things  to  his  taste — selec- 
tion and  cross-breeding.  Gen- 
erally as  in  the  development  of 
Marquis  wheat,  the  two  go  to- 
gether. Cross-pollination  results 
in  the  creation  of  undesirable  as 
well  as  desirable  varieties,  and  so 
always  involves  rigorous  examina- 
tion and  selection  of  the  new  strains.  But  artificial  selection 
alone  is  sometimes  effective  in  improving  living  things,  as 
you  will  now  see. 

What  methods  are  employed  to  select  and  propagate  de- 
sirable characters?  The  corn  grown  in  such  large  quan- 
tities in  the  central  United  States  is  used  by  farmers  to 
feed  stock  and  by  industry  in  the  making  of  different 
products.  Industry  demands  a corn  which  is  high  in  oil 
content.  The  stock  men,  on  the  other  hand,  desire  a corn 
with  low  oil  content,  because  corn  with  a high  oil  content 
produces  an  animal  with  soft,  flabby  flesh.  In  1896,  the 
Illinois  Agricultural  Experiment  Station  set  itself  to  produce 


Fig.  309.  The  late  Dr. 
William  Saunders,  producer 
of  Marquis  wheat.  Dr. 
Saunders  was  knighted  for 
his  contribution  to  Canadian 
agriculture. 
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the  two  corns  desired.  From  among  varieties  of  corn  grown 
successfully  for  a number  of  years,  samples  were  chosen 
showing  both  high  and  low  oil  content.  The  yield  from  these 
samples  was  carefully  scrutinized  for  the  two  plants  highest 
and  lowest  in  oil  content  respectively.  These  in  turn  were 
planted,  and  their  progeny  examined  for  the  qualities 
desired.  This  was  continued  for  ten  years  until  two  strains 
of  corn  widely  separated  in  oil  content  were  developed. 


Fig.  310.  Rambouillet  sheep,  a breed  native  to  France,  but  now 
very  common  in  our  country,  particularly  on  the  Western  ranges. 


The  experiment  described  in  the  paragraph  above  showed 
clearly  that  plants  can  be  changed  and  improved  by  artificial 
selection.  Is  it  possible  to  use  the  same  method  in  changing 
the  characters  of  animals?  Observation  of  animals  shows 
that  they  vary  in  much  the  same  way  as  plants.  For  ex- 
ample, the  fleeces  of  100  Rambouillet  ewes  of  the  United 
States  Experiment  Station,  Dubois,  Idaho,  were  studied. 
The  ewes  were  divided  into  four  classes  on  the  basis  of  their 
fleece  length,  averaging  1.3  inches,  1.8  inches,  2.3  inches,  and 
2.8  inches,  respectively.  The  fleece  length  of  each  class 
was  compared  for  three  years.  The  results  showed  that, 
class  for  class,  those  ewes  producing  the  shortest  fleece  the 
first  year  continued  to  produce  the  shortest  fleece  the  suc- 
ceeding years,  and  similarly  for  the  other  classes..  Length 
of  fleece  is  thus  a character  in  which  sheep  vary.  Selection 
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for  breeding  purposes  of  the  ewes  with  the  longest  fleece 
would  therefore  result  in  a flock  of  ewes  in  which  this  char- 
acter would  be  dominant.  It  is  evident,  however,  that  the 
improvement  of  animals  is  a much  slower  process  than  the 
improvement  of  plants.  In  a given  generation  only  a few 
animals  are  born,  while  plants  may  produce  hundreds  of 
seeds.  There  are,  therefore,  a greater  number  of  variations 
from  which  to  select  in  plants  than  there  are  in  animals. 

Mass  selection  in  animals,  as  with  plants,  is  not  as  effective 
in  producing  animals  with  uniformly  high  qualities  as  other 
methods  which  can  be  practiced.  For  example,  an  experi- 
ment with  chickens  was  carried  on  at  the  Maine  Agricultural 
Experiment  Station.  Hens  were  selected  which  had  laid  160 
eggs  or  more  their  pullet  (first)  year.  These  hens  were  mated 
with  males  whose  mothers  had  laid  200  eggs  or  better.  The 
selected  birds  were  mated  at  random,  and  the  selection  was 
carried  on  for  five  years.  No  increase  in  the  average  yield 
was  obtained.  The  method  of  selection  was  then  radically 
changed.  The  hens  were  chosen  not  only  upon  the  basis 
of  their  egg  yield  but  also  upon  the  basis  of  the  egg  yield  of 
their  daughters.  Similarly  the  males  were  chosen  on  the 
basis  of  the  egg  yield  of  their  daughters.  The  result  was  a 
greatly  increased  egg  yield.  This  method  of  selection  is 
known  as  the  progeny  performance  method.  The  parents, 
by  this  method,  are  chosen  not  only  for  their  own  high 
performance  but  also  by  their  ability  to  transmit  this  charac- 
ter to  their  offspring.  This  method  has  been  successfully 
applied  to  horses,  cows,  swine,  and  sheep,  and  is  far  superior 
to  the  “mass”  selection  method. 

Suggested  Activity.  Make  a study  of  your  brother  or  sister. 
In  what  ways  do  you  resemble  them?  In  what  ways  do  you 
differ  from  them?  In  what  ways  do  you  resemble  or  differ  from 
your  father?  Your  mother? 

Suggested  Activity.  Compare  a young  cat  or  dog  with  its 
father  and  mother.  Make  a list  of  the  characteristics  in  which 
it  resembles  (a)  its  mother,  (6)  its  father,  and  (c)  neither  parent. 
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How  are  desirable  characters  propagated  by  regeneration 
of  missing  parts?  The  methods  of  improving  plants  and 
animals,  so  far  described,  are  based  upon  the  selection  of 
parents  with  good  qualities,  and  the  further  selection  of  the 
best  offspring  of  each  generation.  The  methods  of  improv- 
ing most  of  the  fruits  and  berries  are  quite  different  from 
those  employed  to  improve  grains  and  live  stock.  Plants 
such  as  wheat,  corn,  oats,  beans,  peas,  and  radishes  come  to 
maturity  and  produce  seeds  the  first  year  of  their  growth. 
Fruit  trees,  on  the  other  hand,  do  not  bear  until  they  are 
several  years  old.  Fruit  trees  are  like  other  plants  in  that 
their  offspring  vary  greatly.  If  grown  from  seed,  several 
years  would  thus  elapse  before  the  worth  of  the  tree  could 
be  determined.  Raising  fruit  trees  is  expensive  both  in  labor 
and  in  the  amount  of  land  occupied;  hence  the  method  of 
securing  desirable  trees  through  the  selection  of  the  seed  of 
good-bearing  trees  is  impracticable. 

Fortunately,  however,  there  is  a method  by  which  a tree 
with  desirable  characters  may  be  perpetuated.  You  recall 
(Unit  IV)  that  certain  plants  may  be  propagated  by  vege- 
tative reproduction.  Cuttings,  bulbs,  and  buds  taken  from 
a plant  will,  if  the  necessary  conditions  are  present,  regen- 
erate the  missing  parts  and  thus  grow  into  a new  plant.  Since 
no  transmission  of  characters  through  bi-parental  reproduc- 
tion is  involved,  the  new  plant  which  grows  will  have  char- 
acters which  are  identical  with  the  plant  from  which  the 
cutting,  bulb,  or  bud  is  taken. 

Grapes,  currants,  gooseberries,  willows,  geraniums,  and 
many  other  plants  are  commonly  propagated  by  means  of 
cuttings.  Plants  are  selected  which  bear  fruit  with  desirable 
qualities.  Cuttings  may  be  made  from  roots,  stems,  or  even 
from  leaves.  Stem  cuttings  are  usually  obtained  from 
younger  growths  which  have  one  or  more  buds.  One  end 
of  the  cutting  is  placed  in  sand,  soil,  or  water,  and  if  the 
correct  temperature  is  supplied,  roots  will  develop,  and  the 
buds  of  the  cutting  will  develop  new  branches,  leaves,  and 
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fruit.  Sometimes  the  cuttings  are  made  in  the  autumn  and 
stored  in  damp  sawdust  throughout  the  winter.  Short 
cuttings  from  roots  of  hardy  plants  like  the  red  raspberry, 
plum,  and  blackberry  are  often  made.  When  these  are 
planted  and  supplied  with  the  correct  amount  of  moisture 
and  heat,  they  develop  a stem  and  grow  into  a plant  with 
the  same  characteristics  as  the  parent  plant.  Sometimes  a 
live  branch  of  a tree  is  bent  down  and  covered  with  earth  for 


Fig.  311.  Steps  in  cleft  grafting.  At  the  left  are  the  scions  inserted 
in  the  cleft  of  the  stock.  Wax  is  then  applied  to  protect  the  tree  from 
injury  and  disease.  At  the  right  are  shown  the  scions  well  along  in 
growth.  (International  Harvester  photos.) 

part  of  its  length.  The  part  buried  develops  roots  and  sends 
up  a new  stem  which  will  grow  into  a new  tree.  This  method 
is  known  as  layering  and  is  often  practiced  with  apples,  pears, 
and  plums.  The  horticulturist  thus  takes  advantage  of  the 
ability  of  plants  to  replace  or  regenerate  lost  parts. 

How  are  desirable  characters  secured  through  grafting? 
Fruit  trees  may  also  be  propagated  by  grafting.  In  grafting, 
a piece  of  stem  with  its  buds  is  taken  from  one  plant  and 
inserted  into  the  stem  of  another  plant  (Figure  311).  The 
stem  is  inserted  in  the  other  stem  in  such  a way  that  the 
cambium  layers  (page  124)  are  in  contact.  The  growth  of 
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the  cambium  layers  results  in  the  two  stems  growing  together. 
The  shoot  which  is  grafted  is  called  the  scion,  and  the  plant 
upon  which  the  scion  is  grafted  is  called  the  stock.  The 
buds  which  develop  on  the  scion  always  produce  fruit  which 
have  the  characteristics  of  the  scion. 

For  example,  if  a scion  of  the  Ben 
Davis  apple  is  grafted  on  a Jonathan 
tree,  the  fruit  which  develops  on  the 
scion  will  be  of  the  Ben  Davis  varie- 
ty. The  tree  may,  therefore,  bear 
both  Jonathan  and  Ben  Davis  ap- 
ples at  the  same  time.  The  scion 
retains  the  characters  of  the  plant 
from  which  it  was  cut  and  develops 
fruit  like  that  of  the  parent  plant. 

Wild  varieties  of  plants  often  de- 
velop root  systems  which  are  better 
adapted  to  the  environment  than 
those  of  the  domesticated  variety. 

Wild  oranges,  for  example,  develop  strong,  hardy  roots  which 
enable  the  plant  to  grow  in  a colder  climate  than  our  domesti- 
cated sweet  varieties.  For  this  reason,  seedlings  of  the  wild 
orange  are  often  grown,  and  a scion  from  the  domesticated 
variety  is  grafted  upon  them.  American  grape  growers  im- 
ported to  this  country  some  of  the  wine  grapes  of  France. 
The  roots  of  this  imported  grape  were  attacked  by  a small 
insect  known  as  Phylloxera  and  were  practically  destroyed. 
The  roots  of  American  grapes,  however,  could  resist  the  attack 
of  this  insect.  The  European  grape  was  accordingly  grafted 
on  the  American  plant,  and  this  variety  of  grape  was  suc- 
cessfully introduced  into  this  country.  In  this  way  the  char- 
acter of  a plant  resistant  to  disease  is  combined  with  the 
character  of  a plant  bearing  desirable  fruit. 

Sometimes  the  buds  from  a plant  with  desirable  qualities 
are  detached  from  the  parent  plant  and  inserted  under  the 
bark  of  another  plant  which  has  less  desirable  qualities. 
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The  buds  produce  new  branches,  and  the  fruit  which  they 
bear  is  like  that  of  the  plant  from  which  the  bud  is  taken.  De- 
sirable varieties  of  peaches  and  cherries  are  often  propagated 
in  this  manner.  In  order  to  economize  on  space,  one  tree 

may  be  used  as  a stock 
for  scions  taken  from 
several  hundred  differ- 
ent varieties.  Those 
scions  which  develop  de- 
sirable fruits  are  then 
propagated  the  follow- 
ing year  through  bud- 
ding or  grafting. 

Artificial  selection  of 
plants  and  animals  has 
thus  resulted  in  a great 
improvement  of  the  liv- 
ing things  which  man  has  domesticated.  Through  variations 
and  mutations  desirable  qualities  appear  in  plants  and  ani- 
mals. These  qualities  are  often  inherited  by  the  next  genera- 
tion. Through  the  selection  of  desirable  variations  man  can 
thus  improve  his  stocks  of  plants  and  animals.  If  propagated 
through  sexual  reproduction,  not  all  of  the  next  generation 
will  be  high  in  the  desired  qualities.  The  average,  however, 
will  be  higher  than  if  the  parents  had  not  been  selected. 

Continuous  selection  of  the  best  of  each  generation,  when 
practiced  over  a period  of  years,  will  result  in  the  production 
of  better  plants  and  animals.  In  the  case  of  perennial  plants 
selection  may  also  take  place  by  choosing  the  best  of  each 
generation.  In  practice,  however,  it  has  been  found  advan- 
tageous to  propagate  the  desirable  characters  through  vege- 
tative reproduction.  Some  variation  may  occur  by  this 
method,  but  in  general  the  new  plants  grown  will  possess  the 
same  characters  as  the  parent  plant.  Here  again,  however, 
artificial  selection  is  practiced  in  choosing  the  types  of  char- 
acters to  propagate. 
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In  selecting  the  plants  and  animals  which  he  wishes  to 
propagate,  man  is  only  practicing  on  a small  scale  what  Na- 
ture practices  on  a large  scale.  Every  living  thing  that  comes 
into  existence  must  meet  the  demands  of  Nature.  Nature 
demands  that  they  fit  the  environment,  or  adjust  themselves 
to  it.  If  the  living  thing  does  not  fit  the  environment,  and 
if  it  cannot  adjust  itself  to  the  conditions  of  the  environment, 
it  perishes.  As  a rule  it  perishes  before  it  comes  to  maturity, 
and  thus  only  those  living  things  which  are  adapted  to  the 
environment  become  the  parents  of  the  next  generation. 
The  vast  number  of  the  progeny  of  living  things  results  in 
a struggle  for  existence  (Unit  V).  Only  the  strong  survive, 
and  thus  by  a process  of  natural  selection  the  best  adapted 
living  things  are  chosen  to  pass  on  their  characters  to  the 
coming  generation.  The  selection  of  the  fit  by  Nature  is  of 
course  a slow  process.  Man  hastens  this  process  by  artificially 
selecting  the  living  things  with  desirable  characters  and 
allowing  only  these  to  reproduce. 

In  returning  now  to  the  study  of  cross-breeding,  observe 
again  that  the  breeder  must  use  artificial  selection  to  per- 
petuate his  new  species,  and  that  the  two  methods  interlock. 

How  are  new  varieties  of  plants  produced?  Have  you 
ever  eaten  a white  blackberry?  You  may  think  that  such 
a plant  does  not  exist,  but  there  actually  is  a plant  of  this 
kind.  Blackberry  is,  of  course,  the  name  of  a species  of 
plant  which  probably  received  its  name  from  the  color  of  the 
berry.  How  man  was  able  to  produce  a blackberry  so  trans- 
parent that  the  seeds  may  plainly  be  seen  illustrates  further 
how  plants  with  new  qualities  can  be  created  by  the  method 
of  cross-breeding  discussed  earlier  in  the  problem.  - 

The  creator  of  the  white  blackberry  was  Luther  Burbank 
of  California.  Burbank  was  a pioneer  in  the  field  of  prac- 
tical plant  breeding,  and  probably  contributed  more  toward 
the  improvement  of  plants  and  toward  the  creation  of  new 
plants  than  any  other  individual.  Burbank  heard  of  a wild 
blackberry  which  bore  small  berries  of  a muddy-brown  color, 


384 


EVERYDAY  PROBLEMS  IN  BIOLOGY 


and  he  conceived  the  idea  of  producing  a white  blackberry. 
He  obtained  some  of  these  berries  and  crossed  them  with 
the  Lawton  blackberry  (some  pollen  from  the  Lawton  was 
sprinkled  on  the  stigma  of  the  wild  blackberry).  The  Lawton 
blackberry  bore  large  black  berries  of  good  quality  and  was 
an  exceedingly  stable  variety.  The  seeds  which  developed 
in  the  berries  of  the  cross-pollinated  wild  plants  were  planted 
and  grown.  The  seeds  which  developed  from  these  plants 


Fig.  314.  Starting  over  fifty  years  ago  with  twelve  seedling  trees 
imported  from  Japan,  Luther  Burbank  finally  developed  the  blood-red 
Elephant  Heart  plum,  in  size  almost  as  large  as  an  apple.  Notice  how 
much  larger  it  is  than  the  common  Green  Gage  plum  shown  at  the  left. 

(Photo  from  Stark  Brothers  Nurseries.) 

grew  into  plants  which  bore  black  berries.  This  result,  of 
course,  was  expected,  since  the  black  character  is  dominant 
over  the  white  character.  These  hybrids  were  then  interbred, 
and  the  resulting  seeds  were  planted.  In  this  generation 
there  appeared  several  plants  which  bore  black  berries  and 
several  which  bore  yellowish-white  berries.  According  to 
Mendel’s  law,  this  result  was  also  to  be  expected. 

Since  Burbank’s  aim  was  to  produce  a white  blackberry, 
he  selected  and  cross-pollinated  plants  which  bore  the  yel- 
lowish-white berries.  In  the  next  generation  several  plants 
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appeared  with  berries  so  white  and  transparent  that  the 
seeds  could  be  plainly  seen.  The  best  of  these  were  selected 
and  grown,  and  by  carrying  on  this  process  of  selection  for 
several  generations,  the  white  blackberry  was  created. 
This  berry  possessed  the  fine  flavor  and  size  of  the  Lawton 
blackberry  combined  with  the  whiteness  of  the  wild  black- 
berry. That  it  is  a new,  distinct  species  or  variety  is  shown 
by  the  fact  that  it  breeds  true  to  the  seed.  If  it  were  merely 
a hybrid,  there  would  appear  the  variations  that  are  com- 
mon to  all  hybrids. 

In  a sense,  Burbank  did  not  create  an  absolutely  new 
plant.  He  combined  in  a new  way  characteristics  which 
were  already  present  in  both  plants.  The  wild  blackberry 
which  bore  the  muddy-brown  berries  was  probably  a mutant 
which  had  appeared  and  survived  the  process  of  natural 
selection.  By  continued  selection  of  berries  possessing  the 
character  of  whiteness,  Burbank  was  able  to  produce  plants 
which  did  not  bear  the  character  of  blackness,  and  thus 
would  breed  true.  When  a plant  or  animal  breeder  desires  to 
produce  a living  thing  with  certain  characteristics,  he  first 
looks  for  varieties  bearing  these  characters.  One  variety  may 
have  one  or  two  desirable  characters  and  several  undesirable 
ones.  For  example,  the  wild  blackberry  had  but  one  desir- 
able character,  whiteness,  and  several  undesirable  characters, 
such  as  small  size  and  poor  quality.  Another  variety  may 
possess  the  desirable  characters  which  the  other  does  not  have, 
and  also  one  or  more  undesirable  qualities.  By  cross-breeding 
these  desirable  characters  are  brought  together  in  a single 
plant.  For  example,  the  Lawton  berry  had  a large,  luscious 
fruit,  which  was  a desirable  character,  and  a black  berry, 
which,  in  this  experiment,  was  an  undesirable  character. 

The  breeding  process  may  take  many  years  and  require  the 
raising  of  millions  of  plants.  Only  a few  of  the  best  plants  of 
each  generation  are  saved,  and  the  remaining  thousands  are 
destroyed.  Burbank,  for  example,  in  his  experiments  with 
blackberries  burned  65,000  blackberry  bushes  in  one  year. 
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Ultimately,  through  careful  selection  of  the  plants  bearing 
desirable  characters,  a plant  emerges  with  the  characters 
which  the  breeder  wants.  Sometimes  this  plant  is  propagated 
by  grafts  or  cuttings,  and  sometimes,  if  the  seed  will  breed 

true,  it  may  be  propagated 
through  seeds.  In  either  case 
this  plant  becomes  the  parent 
for  a new  variety  which  may 
ultimately  spread  over  countless 
acres. 

Occasionally  cross-breeding 
produces  strange  and  unexpec- 
ted results.  This  happened  when 
Burbank  crossed  the  California 
black  walnut  tree  with  the  Per- 
sian, or  English,  walnut.  When 
the  hybrid  nuts  were  planted, 
they  produced  seedlings  which 
grew  exceedingly  fast.  At  six- 
teen years  of  age  they  were  sixty 
feet  in  height  with  a trunk  two 
feet  in  diameter  four  feet  from 
the  ground,  while  the  Persian 
walnuts  of  thirty-two  years  of 
age  were  but  eight  inches  in 
diameter  with  a branch  spread 
of  but  one-fourth  that  of  the  hybrid.  Seeds  from  the  hybrid 
were  planted,  and  through  selection  a species  of  walnut  was 
secured  that  produced  a hard,  close-grained  wood  of  great 
value  for  fine  furniture.  The  distinguishing  characteristic 
of  this  new  tree  was  its  exceedingly  rapid  growth ; it  produced 
wood  for  the  cabinetmaker  in  from  six  to  eight  years. 

Burbank  and  other  breeders  have  produced  many  new 
varieties  of  plants  by  crossing  plants  in  every  conceivable 
way.  The  plants  resulting  from  the  crosses  are  carefully 
examined,  and  if  any  possess  unusual  characters,  they  are 
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propagated.  This  method  differs  from  the  method  of  care- 
fully selecting  the  characters  which  it  is  desirable  to  produce 
in  that  the  breeder  is  trusting  to  variation  to  produce  a plant 
which  may  be  of  value.  While  this  method  is  not  as  scientific 
a&  the  other  method, 
many  new  varieties  have 
been  thus  produced. 

Experiments  in  hybrid- 
izing, that  is,  crossing 
plants  or  animals  of  dif- 
ferent varieties,  have 
shown  that  hybridizing 
often  results  in  offspring 
with  increased  vigor. 

Animal  breeders  have 
taken  advantage  of  this 
fact  from  early  times. 

When  the  Chinese  races 
of  swine  were  introduced 
several  hundred  years 
ago  into  England,  they 
were  commonly  crossed 
with  the  native  swine 
because  they  produced  large,  quick-growing  animals.  Ex- 
perimentation with  plants  has  shown  that  the  same  results 
may  be  obtained.  Table  16,  on  the  next  page,  shows  the 
results  of  crossing  varieties  of  sweet  corn.  There  is  an  in- 
creased yield  in  practically  all  of  the  crosses  made.  Hybrid- 
izing corn  is  comparatively  easy  because  the  corn  has  two 
kinds  of  flowers.  The  two  varieties  to  be  crossed  are  planted 
in  alternate  rows.  The  tassels  of  one  variety  are  removed, 
and  the  female  flowers  (the  silks)  on  this  plant  can  thus  be 
pollinated  only  by  pollen  from  the  other  variety. 

There  are  many  theories  concerning  the  cause  of  hybrid 
vigor.  In  general  it  is  believed  that  the  cross  is  advantageous 
because  the  deficiencies  of  one  plant  are  compensated  for  by 


Fig.  316.  A row  of  Dwarf  Yellow  Milo 
corn  (behind  the  stake)  ruined  by  chinch 
bugs.  At  the  left  is  a row  of  hybrid  plants 
(Dwarf  Yellow  Milo  crossed  with  Kansas 
Orange  Sorgo)  that  has  been  little  affected 
by  the  chinch  bug.  Crossing  the  two 
varieties  produced  a plant  largely  resistant 
to  the  bug. 
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the  good  characters  of  another  plant.  The  offspring  tend  to 
bring  together  the  favorable  characters  of  both  plants  and 
surpass  their  parents.  The  effect,  however,  lasts  only  for 
the  first  generation  following  the  cross;  therefore  continued 
crossing  must  be  done  unless  the  plant  can  be  propagated  by 
means  of  vegetative  reproduction. 

TABLE  16.  Yield  per  Plant  of  Ten  Sweet-Corn  Hybrids  Compared 
with  That  of  Their  Parents* 


Hybrids 

Average 
Yield  of 
Parents 
(Ounces) 

Yield 

of 

Hybrid 

(Ounces) 

Per  Cent  of 
Increase  of 
Hybrid  over 
Average  of 
Parent 

Early  Minnesota  by  Sugar.  . . . 

1.15 

1.50 

30.0 

Sugar  by  Early  Minnesota.  . . . 

1.15 

2.02 

75.0 

Sugar  by  Malakhoff 

1.22 

1.54 

26.0 

Sugar  by  Crosby 

1.06 

1.04 

-1.9 

Crosby  by  Malakhoff 

1.03 

.76 

-2.6 

Early  Minnesota  by  Malakhoff 

1.12 

1.20 

25.0 

Mammoth  by  Malakhoff 

.79 

.99 

25.0 

Mammoth  by  Sugar 

.77 

3.10 

310.0 

Mammoth  by  Oakview 

.16 

.45 

181.0 

Sugar  by  Oakview 

.64 

1.70 

165.0 

How  is  the  breeding  of  animals  improved?  Selection  of 
the  best  animals  for  breeding  purposes  has,  of  course,  been 
carried  on  for  centuries.  In  different  countries  and  in  dif- 
ferent sections  of  each  country,  different  standards  of  selec- 
tion were  practiced.  This  variation  in  standards  combined 
with  variations  in  food  and  climate  led  to  the  development 
of  distinct  breeds  of  animals.  For  example,  there  was  de- 
veloped in  Durham,  England,  a strain  of  cattle  known  as 
Shorthorns.  Over  one  hundred  years  ago  the  development 
of  this  breed  was  begun  by  Charles  and  Robert  Colling.  So 
well  does  it  thrive  under  different  conditions  of  climate  and 
food,  that  it  is  now  found  in  more  parts  of  the  world  than 
any  other  breed.  From  the  beef  Shorthorn  has  been  developed 
a dairy  Shorthorn  for  milk. 
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In  another  part  of  England  a strain  known  as  the  Herefords 
developed,  descended,  it  is  thought,  from  the  primitive  cattle 
of  the  region.  Henry  Clay  of  Kentucky  introduced  this 
breed  into  America,  and  it  has  become  popular  on  our  Western 
plains  because  its  rugged  constitution  and  thick  hair  enable 
it  to  endure  exposure  to  severe  weather.  Each  strain  was 
kept  pure  by  breeding,  and  each  strain  has  therefore  devel- 
oped along  different  lines  so  that  it  has  certain  definite 
characteristics. 

About  the  middle  of  the  eighteenth  century  the  pedigree 
registration  system  began  in  England,  and  this  marked  the 


Fig.  317.  A group  of  splendid  pure-bred  Herefords.  Perhaps  you  have 
seen  some  of  this  breed  with  their  reddish-brown  and  white  markings. 


beginning  of  scientific  animal  breeding.  Under  this  system 
each  animal’s  name  is  recorded,  a number  is  assigned,  and 
the  name  and  number  of  the  sire  (father)  and  of  the  dam 
(mother)  are  recorded.  The  pedigree  thus  indicates  the 
family  to  which  the  animal  belongs  and  is  a guarantee  of 
purity  of  blood.  These  animals  are  called  pure-breds.  The 
value  of  the  pedigree  lies  in  the  fact  that  the  ancestry  of  an 
animal  can  be  traced  and  that  the  ability  to  transmit  good 
characters  to  its  offspring  can  be  determined  (see  page  378). 
Since  only  the  best  animals  of  each  generation  are  selected 
for  breeding  purposes,  pure-bred  animals  are  superior  to 
animals  where  no  attention  has  been  paid  to  breeding. 
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Several  different  systems  of  breeding  are  followed:  In 
mixed-breeding  no  attention  is  paid  to  ancestry.  It  is  the 
cheapest  method  of  breeding,  but  of  course  it  does  not  result 
in  improvement.  In  pure-breeding  only  registered  animals 
are  used.  This  system  secures  the  best  results,  but  since 
pure-bred  animals  are  costly,  this  method  of  breeding  is 

expensive.  The  sys- 
tem most  commonly 
practiced  is  called 
grading , in  which  the 
sire  is  pure-bred  while 
the  dam  is  not.  This 
is  less  costly  than  the 
pure-bred  method, 
and  its  results  are 
nearly  as  effective. 
The  fourth  method  is 
cross-breeding.  In  this 
system  two  different 
breeds  are  crossed, 
the  object  is  to  pro- 
duce a new  breed  of 
animals.  This  is  a 
long,  expensive  task 
Fig.  318.  Result  of  grading  in  sheep.  Note  and  is  practiced  only 
the  poor  wool  growth  on  the  mother  (at  the  experienced  breed- 
left).  Her  offspring  by  a pure-bred  father  is  • u i c 

greatly  improved  as  a wool  producer.  ers  W1tu  plenty  Ol 

money  and  time. 

The  effect  of  grading  upon  the  productivity  of  chickens  is 
shown  in  Table  17.  The  experiment  started  with  a mixed 


TABLE  17.  First-Year  Egg  Production  of  Mongrels  and  First, 
Second,  and  Third  Generation  Grades 


First 

Second 

Third 

Breed 

Mongrels 

Generation 

Generation 

Generation 

Grades 

Grades 

Grades 

White  Leghorn 

75 

166 

197 

198 

Plymouth  Rock 

105 

135 

166 

207 
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lot  of  mongrel  farm  hens.  (Mongrel  means  of  mixed  breed.) 
Pure-bred  cockerels  were  used  for  breeding  purposes,  and 
in  the  third  generation  of  hens  the  egg  production  was 
doubled. 

Self-testing  exercise  3.  Assume  that  you  are  an  agricultural 
expert  from  one  of  the  Dominion  Experimental  Farms  and  that  a 
farmer  asks  you  this  question,  “How  shall  I go  about  improving  my 
plants  and  animals?”  What  would  be  your  answer  to  this  ques- 
tion? (Keep  in  mind  that  the  farmer  may  never  have  heard  of 
Mendel’s  law  and  may  know  but  little  about  heredity  and  varia- 
tion. If  you  use  these  terms,  you  must  explain  them  so  that  he 
will  understand  what  you  tell  him.  It  is  a good  idea  to  strengthen 
your  argument  by  showing  how  the  improvement  will  result  in 
a greater  money  reward.) 

Additional  Exercises 

1.  Find  out  the  contributions  made  by  Darwin,  Davenport,  De 
Vries,  Galton,  Lamarck,  Mendel,  and  Weismann  to  the  science  of 
heredity. 

2.  Why  must  the  cambium  layer  of  the  stock  come  in  close 
contact  with  the  cambium  layer  of  the  scion  in  a graft? 

3.  What  advice  would  you  give  a farmer  about  the  selection  of 
seed  for  the  next  year’s  crop? 

4.  Examine  wild  or  domesticated  animals.  Make  a list  of  the 
characteristics  which  are  inherited. 

5.  Make  charts  similar  to  that  shown  on  page  368  to  show 
what  will  happen  when  the  following  crosses  are  made:  (1)  pure 
black  and  pure  white  guinea  pigs;  (2)  pure  black  and  hybrid 
black  guinea  pigs;  (3)  pure  white  and  hybrid  black  guinea  pigs; 
and  (4)  two  pure  white  guinea  pigs. 

6.  Find  out  how  the  grapefruit  and  the  seedless  orange  were 
developed. 

7.  Make  a report  on  the  origin  of  each  of  five  pure  breeds  of 
some  domesticated  animal.  Your  report  should  include  a dis- 
cussion of  the  particular  characteristics,  both  physical  and  other- 
wise, which  distinguish  each  breed. 

8.  Prepare  a report  on  either  corn  or  wheat.  Your  report 
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should  include  the  origin  of  the  plant,  the  development  of  the 
different  pure  strains,  and  the  characteristics  of  each  strain. 

9.  Collect  pictures  for  a bulletin-board  exhibit  of  different 
breeds  of  cattle.  Do  the  same  for  sheep,  hogs,  and  chickens. 


GLOSSARY  and  PRONUNCIATION  LIST 


This  is  a list  of  the  important  scientific  words  in  the  text, 
together  with  their  pronunciations  and  meanings.  The  marked 
letters  are  sounded  according  to  the  letters  in  the  following 
list  of  sample  words  as  given  in  Webster’s  Dictionary. 


ale,  senate,  care,  &m,  arm, 
path,  final,  sofa, 
eve,  event,  £nd,  maker,  re- 
cent. 

food,  foot, 
ice,  ill. 


old,  obey,  orb,  odd,  corn, 
connect 

out,  oil,  na^re,  verdure, 
use,  unite,  firn,  up,  menu, 
circws. 

zh  = z as  in  azure. 


Abdomen  (ab  do 'men):  the  part  of  the  body  below  the  ribs,  containing 
the  intestines;  the  posterior  region  of  the  body  in  insects,  crayfish,  etc. 

Abomasum  (ab  6 ma's«m):  the  part  of  the  stomach  of  animals  such  as 
the  sheep  and  cow  in  which  the  food  is  acted  upon  by  the  gastric 
juice;  often  called  the  fourth  stomach. 

Absorption  (ab  sorp'shun) : the  passage  of  liquids  into  the  cells  of  the 
body. 

Acridid/E  (a  krid'i  de):  a family  of  the  orthoptera  which  includes  locusts 
and  grasshoppers. 

Active  immunity  (imu'niti):  freedom  from  susceptibility  to  a specific 
disease  resulting  from  a previous  attack  of  the  disease. 

Adenoid  (ad'e  noid):  a mass  of  tissue  in  the  back  of  the  pharynx;  fre- 
quently this  tissue  becomes  infected  and  must  be  removed. 

Adjustor  (d  just'er):  that  part  of  the  nervous  circuit  which  distributes 
nerve  impulses. 

Adventitious  (ad  ven  tish'ds):  the  term  usually  applied  to  buds  and 
roots  which  do  not  grow  in  their  usual  places. 

Albino  (albi'no):  an  organism  lacking  the  pigments  which  give  color; 
animals  usually  with  white  hair,  fur,  or  feathers,  and  pink  eyes. 

Albumen  (al  bu'men):  the  white  of  an  egg;  a certain  type  of  protein. 

Alimentary  canal  (all  men'tdri):  a collective  term  indicating  all  the 
organs  through  which  the  food  passes  through  the  body. 

Amphibian  (amfib'idn):  an  animal,  such  as  the  frog,  which  can  live 
in  either  the  air  or  the  water. 

Amylopsin  (am  i lop 'sin):  one  of  the  ferments,  or  enzymes,  in  the  pan- 
creatic juice;  it  assists  in  the  digestion  of  starch. 

Anabolism  (an  ab'o  liz’m) : the  process  of  building  up  new  cells  and 
tissues  from  food. 

Anatomy  (d  nat'o  mi):  the  study  of  the  structure  of  living  things. 
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Angiosperm  (an'ji  6 spurm):  a plant  which  bears  seeds  in  an  ovary. 

Annelida  (an  elid'd):  a phylum  of  animals  including  earthworms, 
leeches,  etc. 

Antenna  (an  ten 'e):  appendages  usually  bearing  sense  organs,  which 
appear  on  the  head  of  certain  animals. 

Anterior  (an  te'ri  er) : that  part  of  the  body  toward  the  head  end  of  an 
animal. 

Anther  (an'ther):  the  top,  pollen-bearing  part  of  the  stamen. 

Antheridia  (an  ther  id'i  d):  the  sperm-bearing  organs  of  certain  plants, 
such  as  the  ferns  and  the  mosses. 

Antibodies  (an'ti  bod  ez) : substances  produced  in  the  blood  of  an  ani- 
mal which  neutralize  the  poisons  given  off  by  germs. 

Antitoxin  (an  ti  tok'sin):  a substance  which  neutralizes  the  effect  of 
poisons  given  off  by  germs;  substances  manufactured  by  an  animal 
having  a certain  disease,  and  which  can  be  injected  into  the  body  of 
another  animal  to  assist  in  the  neutralization  of  the  poisons  given  off 
by  germs. 

Anus  (a'nds):  the  posterior  opening  of  the  alimentary  canal. 

Aorta  (a  6r'td):  the  large  artery  leading  from  the  left  ventricle  through 
which  the  blood  passes  to  all  parts  of  the  body  excepting  the  lungs. 

Arachnida  (arak'mdd):  a class  of  arthropods  including  spiders,  scor- 
pions, etc. 

Archegonia  (ar  ke  gb'ni  d):  egg-bearing  organs  in  certain  plants. 

Artery  (ar'ter  I):  a blood  vessel  which  carries  blood  away  from  the  heart. 

Arthropoda  (ar  throp'o  dd):  a group  of  animals  including  the  insects, 
crayfish,  spiders,  etc. 

Asexual  reproduction  (a  sek'shu  dl):  reproduction  in  which  no  germ 
cells  or  gametes  are  involved. 

Auricle  (o'ri  k’l):  one  of  the  chambers  of  the  heart. 

Axon  (ak'son):  that  part  of  the  neuron  which  carries  impulses  away 
from  the  cell  body. 

Bacillus  (bd  sil'ds) : a rod-shaped  bacterium. 

Bast  (bast) : the  part  of  the  bark  which  is  fibrous. 

Biennial  (bi  en'i  dl):  a plant  which  lives  for  two  summers. 

Binary  fission  (bl'nd  ri  fish'dn):  the  division  of  a cell  into  two  daugh- 
ter cells. 

Blastula  (blas'tij  Id) : the  stage  in  the  development  of  an  organism 
in  which  the  cells  are  arranged  in  the  shape  of  a hollow  ball. 

Blatthle  (blat'ide):  a family  of  insects,  including  the  cockroaches. 

Breed  true:  to  produce  offspring  of  the  same  unit  characters  as  the 
strain  or  variety. 

Bronchi  (brong'ki) : the  branches  of  the  trachea  which  lead  to  the  lungs. 

Bryophytes  (bri'o  fitz) : a group  of  plants  consisting  of  the  mosses  and 
the  liverworts. 

Calorie  (kal'o  ri):  the  amount  of  heat  required  to  raise  the  temperature 
of  one  kilogram  of  water  one  degree  centigrade;  the  small  calorie  is 
the  amount  of  heat  necessary  to  raise  the  temperature  of  one  gram 
of  water  one  degree  centigrade. 
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Calyx  (ka'liks):  the  leaf-like,  usually  green,  parts  of  a flower  which 
surround  the  petals. 

Cambium  (kam'bidm):  the  layer  of  active  cells  in  the  higher  plants 
which  divide  and  form  new  wood  and  bark. 

Capillary  (kap'ilari):  a small  blood  vessel  between  the  arteries  and 
the  veins. 

Carbohydrates  (kar  bo  hi'dratz):  a class  of  foods  containing  carbon, 
hydrogen,  and  oxygen;  sugar  and  starch  are  examples. 

Carnivorous  (kar  niv'o  nits):  animals  which  feed  upon  flesh. 

Cartilage  (kar'tilaj):  an  elastic  tissue  which  composes  the  skeleton 
of  most  young,  vertebrate  animals. 

Catabolism  (kd  tab '6  liz’m):  the  process  by  which  the  complex  body 
substances  are  broken  down  into  simpler  substances. 

Cellulose  (sel'u  los):  the  material  which  composes  the  walls  of  plant 
cells. 

Cephalopoda  (sef  d 16 'pod  d):  a class  of  mollusks  including  squids, 
octupuses,  etc. 

Cephalothorax  (sef  d 16  tho'raks) : the  part  of  the  body,  as  in  the 
crayfish,  which  results  from  a fusion  of  the  head  and  thorax. 

Cerebellum  (ser  e bel'ttm):  one  of  the  divisions  of  the  dorsal  part  of 
the  brain;  it  has  to  do  with  coordinating  movements. 

Cerebral  cortex  (ser'e  brdl  kor'teks):  the  outer  layer  of  gray  matter 
of  the  cerebrum. 

Cerebrum  (ser'e  bram):  the  anterior  portion  of  the  brain;  the  part  of 
the  brain  which  enables  man  to  think. 

Chemotropism  (ke  mot'ro  piz’m):  the  response  of  an  organism  to  a 
chemical  stimulus. 

Chitin  (ki'tin):  the  hard  material  in  the  outer  covering  of  animals  such 
as  insects  and  crustaceans. 

Chlorophyll  (klo'ro  ffl):  the  green  coloring  matter  of  plants. 

Chloroplast  (klo'ro  plast):  the  grain  containing  the  green  coloring 
material  in  plants. 

Chordata  (korda'td):  an  animal  phylum  including  all  animals  with  a 
notochord  or  a backbone. 

Chromosome  (kro'mosom):  one  of  the  bodies  in  the  nucleus  which 
appears  during  cell  division. 

Cilia  (sil'i  d):  small  projections  which  aid  the  cell  in  moving  or  in  setting 
up  currents  in  liquid. 

Cleavage  (klev'aj):  the  divisions  of  the  egg  cell  which  result  in  the 
blastula  stage  of  development. 

Coagulate  (koag'ulat):  to  change  a liquid  into  a curdled  state;  ex- 
ample, white  of  egg  in  alcohol. 

Cocoon  (ko  koon'):  the  envelope  in  which  the  larvae  of  certain  animals 
pass  through  the  pupa  stage. 

Ccelenterata  (se  len  ter  at'd) : an  animal  phylum  including  jellyfish, 
coral,  etc. 

Coleoptera  (kol  e op  'ter  a) : an  insect  order  including  beetles,  etc. 

Conditioned  reflex  (re'fleks):  an  acquired  response  which  is  substi- 
tuted for  an  inherited  response. 
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Conjugation  (kon  job  ga'shwn):  the  fusion  of  two  similar  cells  in  re- 
production. 

Contractile  vacuole  (kon  trak'til  vak'u  ol):  a reservoir  in  a one- 
celled  organism  in  which  waste  products  are  collected  and  expelled 
from  the  cell. 

Cortex  (kor'teks):  the  outer  surface  of  an  organ. 

Cotyledon  (kot  i le'd^n):  the  seed  leaves  in  an  embryo. 

Cretinism  (kre'tln  iz’m):  idiocy. 

Crustacea  (krus  ta'she  d) : an  animal  class  including  snails,  lobsters, 
barnacles,  etc. 

Cutin  (ku'tin):  a waxy  substance  in  the  epidermis  of  plants  which  helps 
prevent  evaporation  of  water  from  the  inner  parts. 

Cytoplasm  (si 'to  plaz’m):  the  liquid  part  of  the  protoplasm  in  a cell. 

Dam  (dam):  female  parent;  especially  applied  to  four-footed  animals. 

Dendrite  (den'drlt):  that  part  of  a nerve  cell  which  conveys  the  impulse 
toward  the  cell  body. 

Dermis  (dur'mis):  the  skin  beneath  the  epidermis. 

Diastase  (di'd  stas):  an  enzyme  in  plants  which  changes  starch  to  sugar. 

Dicotyledon  (di  kot  i le'ddn):  a plant  whose  seed  contains  two  seed 
leaves  or  cotyledons. 

Dinosaur  (di'nosor):  an  extinct  animal  related  to  the  modern  reptile. 

Diptera  (dlp'terd):  an  order  of  insects  including  the  housefly. 

Dorsal  (dor'sdl):  the  back  part  of  the  body  of  an  organism. 

Ductless  gland  (dukt'les  gland):  an  organ  which  manufactures  hor- 
mones and  pours  them  directly  into  the  blood. 

Echinodermata  (e  ki  no  durm  a'ta):  an  animal  phylum  including  star- 
fishes, sea  urchins,  etc. 

Effector  (e  fek'ter):  a nerve  cell  which  conducts  a nerve  impulse  to  a 
gland  or  muscle. 

Embryo  (em'bri  o) : the  early  stage  of  development  of  an  organism. 

Embryology  (em  bri  61 '6  ji):  a study  of  the  early  development  of  an 
organism. 

Endosperm  (en'do  spurm):  a tissue  containing  food  material,  formed 
within  the  embryo  sac  in  seed  plants. 

Endocrine  gland  (en'do  krin):  an  organ  which  manufactures  hor- 
mones and  pours  them  directly  into  the  blood. 

Enzyme  (en'zlm):  a substance  secreted  by  a gland,  which  has  the  power 
to  cause  chemical  changes  to  take  place,  as  fermentation,  without 
itself  being  used  up  in  the  process. 

Epidermis  (ep  I dur'mis):  the  outer  layer  of  the  skin;  the  outer  layer  of 
cells  in  plants. 

Equisetum  arvense  (ek  wl  se'twm  ar  ven'se):  a kind  of  horsetail  plant. 

Erosion  (e  ro'zhzln) : the  wearing  down  of  the  earth  by  water,  air,  and 
plants. 

Esophagus  (esof'agMs):  the  tube  which  conveys  the  food  from  the 
mouth  to  the  stomach. 

Exo-skeleton  (ek'so-skel'e  twn):  a non-living,  hard  material  forming 
the  outer  surface  of  the  body  and  used  for  protection,  as  in  the  crayfish. 
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Expiration  (ek  spi  ra'shim):  the  passage  of  the  air  from  the  lungs  to 
the  outer  air. 

Facet  (fas'et) : the  surface  of  one  of  the  small  eyes  in  a compound  eye. 

Fats:  compounds  of  carbon,  hydrogen,  and  oxygen;  a class  of  food  ma- 
terials used  mainly  for  energy  and  storage,  as,  for  example,  butter. 

Fauna  (fd'na):  the  animal  population  of  a given  region. 

Ferment  (fer  ment'):  an  enzyme;  the  changing  of  sugar  to  alcohol  and 
carbon  dioxide  by  yeast. 

Fibrovascular  bundles  (fi  bro  vas'ku  lar) : bundles  of  long  cells  run- 
ning lengthwise  of  the  stem  of  the  plant  and  providing  passageway 
for  liquids  and  strengthening  to  the  stem. 

Filtrate  (fil'trat):  the  liquid  which  has  passed  through  a filter  paper. 

Fission  (fish'wn):  the  splitting  of  a cell  into  two  parts. 

Flora  (flo'ra):  the  native  plants  of  a given  region. 

Follicle  (fol'i  k’l):  the  cavity  in  which  a hair  is  produced. 

Frond  (frond):  the  leaf  of  a fern. 

Fruit:  the  ripened  ovary  and  its  contents,  together  with  any  structures 
which  adhere  to  the  ovary  wall. 

Fungus  (fung'gtts):  molds,  mildews,  rusts,  smuts,  and  mushrooms. 
Plants  lacking  chlorophyll. 

Gall  (g61):  a swelling  on  plants  caused  by  certain  parasites,  usually 
the  larvae  of  insects. 

Gamete  (gam'et):  a cell  which  unites  with  another  cell  to  form  a zygo- 
spore. 

Gametophyte  (ga  me'to  fit) : the  generation  of  a plant  which  bears 
the  eggs  and  sperms. 

Ganglion  (gang'gli  on) : a group  of  nerve  cells. 

Gastrulation  (gas  troo  la'shwn):  the  process  in  the  development  of  the 
embryo  which  results  in  a two-layered  sac  enclosing  a central  cavity. 

Gene  Gen):  a factor  in  the  chromosome  which  conditions  a character  of 
an  organism. 

Genus  (je'nws):  a division  of  the  system  of  classification;  a main  division 
of  a family;  a group  of  closely  related  species. 

Geotropism  (je  ot'ro  piz’m):  the  tendency  of  growing  organs  to  assume 
a definite  position  with  relation  to  the  pull  of  gravity,  as,  for  example, 
the  growth  of  plant  roots  downward. 

Germination  (jur  mi  na'shwn):  the  starting  of  growth  in  a pollen  grain 
or  seed. 

Gland  (gland):  a group  of  cells  which  secrete  or  excrete  some  certain 
substance. 

Glycogen  (gli'ko  jen):  a carbohydrate  which  is  stored  in  the  liver. 

Gymnosperms  (jim'no  spfirms) : plants  bearing  naked  ovules  and  seeds, 
as,  for  example,  pine,  spruce,  and  cedar. 

Habitat  (hab'itat):  the  immediate  surroundings  or  environment  of  an 
organism. 

Haustoria  (hos  to'ri  a) : a root-like  part  of  a parasitic  plant  which  enters 
the  stem  or  root  of  another  plant,  and  thereby  obtains  nourishment. 
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Hemiptera  (he  mip'ter  a):  an  insect  order  including  bugs  and  lice. 

Herbivorous  (her  biv'o  rus):  animals  which  feed  upon  plants. 

Heredity  (hered'iti):  transmission  of  characteristics  from  generation 
to  generation. 

Hilum  (hi 'ldm):  the  scar  on  a seed  showing  the  place  of  attachment  to 
the  fruit. 

Homology  (ho  mol '6  ji):  structural  resemblance  due  to  a descent  from  a 
common  form,  regardless  of  function. 

Hormone  (hor'mon):  a substance  manufactured  usually  by  ductless 
glands,  which  assists  the  regulation  of  body  activities. 

Host:  the  organism  upon  which  a parasite  lives  and  usually  obtains 
nourishment. 

Humus  (hu'nrms):  decayed  or  decaying  organic  material  in  the  soil. 

Hybrid  (hi'brid):  the  offspring  of  parents  which  differ  in  regard  to  some 
heritable  characters;  usually  the  offspring  of  two  different  species. 

Hydrophyte  (hi'dro  fit):  a plant  living  in  water  or  in  a very  wet  habitat. 

Hydrotropism  (hi  drot'ro  piz’m):  the  tendency  of  organisms  to  respond 
to  the  presence  of  water. 

Hymenoptera  (hi  men  op 'ter  d):  an  insect  order  including  ants,  bees, 
wasps,  etc. 

Hyph^e  (hi'fe):  the  upright  thread-like  parts  of  a fungus. 

Hypocotyl  (hi  po  kot'il):  the  part  of  the  embryo  below  the  cotyledons. 

Ichneumon  fly  (ik  nu'mon):  an  insect  of  the  order  Hymenoptera,  whose 
larvae  are  parasites  on  other  larvae. 

Imago  (i  ma'g5) : the  adult  stage  of  an  insect  with  a metamorphoses. 

Imbibition  (im  bi  bish'dn):  the  action  of  organic  substances  in  absorb- 
ing water. 

Immune  bodies:  materials  produced  in  the  body  of  an  animal  suffering 
from  a disease  which  neutralize  the  poisons  produced  by  the  germ 
causing  the  disease. 

Immunity  (i  mu'ni  ti):  freedom  from  susceptibility  to  a certain  disease. 

Inoculate  (in  ok'u  lat) : to  infect  or  to  cause  a disease  in  an  organism. 

Inorganic  matter:  material  composed  of  other  than  plant  or  animal 
material. 

Internode  (in'tgrnod):  the  distance  between  two  nodes. 

Invertebrate  (in  vur'te  brat) : without  a backbone. 

Irritability  (ir  i td  bil'i  ti):  the  ability  to  respond  to  a stimulus. 

Lacteal  (lak'te  dl) : a small  tube  carrying  to  the  lymph  vessels  fats 
absorbed  in  the  intestines. 

Larynx  (lar'ingks) : the  upper  part  of  the  windpipe. 

Legumes  (leg'um;  legum'):  an  order  of  plants,  as,  for  example,  beans, 
peas,  clover,  alfalfa. 

Lenticel  (len'ti  sel):  a breathing  pore  in  a plant  stem. 

Lepidoptera  (lep  i dop'ter  a):  an  insect  order  including  moths  and 
butterflies. 

Leucocyte  (lu'ko  sit):  a white  blood  corpuscle. 

Life  cycle:  stages  in  the  development  of  an  organism  from  fertilized  egg 
to  adult. 
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Ligament  (lig'd  ment):  the  connective  tissue  which  binds  the  bones 
together. 

Lipase  (lip'as):  an  enzyme  which  digests  fat;  steapsin. 

Loam  (lorn):  soil  containing  clay,  sand,  and  decayed  organic  materials. 

Lymph  (limf):  the  liquid  part  of  the  blood  and  the  white  blood  corpuscles 
which  have  passed  through  the  walls  of  the  capillaries  into  the  spaces 
between  the  cells. 

Lymphatics  (lim  fat'iks):  vessels  containing  lymph. 

Maggot  (mag'ot) : a larva  of  an  insect  such  as  the  housefly. 

Malphigian  tubes  (mal  pig'i  an) : tubes  in  insects  which  empty  nitro- 
geneous  wastes  into  the  alimentary  canal;  excretory  organs. 

Mammal  (mam'dl) : an  animal  belonging  to  the  vertebrate  class  mammalia; 
an  animal  which  nourishes  its  young  with  milk  from  mammary  glands. 

Mandible  (man'di  b’l):  the  third  pair  of  appendages  of  a crayfish;  a jaw. 

Marsupial  (mar  su'pi  al):  a mammal  which  carries  its  young  in  a pouch. 

Maxilla  (mak  sll'a):  a mouthpart  of  insects  and  of  crustaceans;  a head 
appendage. 

Maxilliped  (mak  sil'i  ped) : one  of  the  last  three  appendages  of  the 
head  of  the  crayfish  and  its  allies. 

Medulla  oblongata  (me  dul'd  ob  long  ga'td) : the  posterior  portion 
of  the  brain  of  vertebrate  animals. 

Medullary  rays  (med'w  la  ri;  me  dul'd  ri):  horizontal  vessels  in  the 
stems  of  plants  which  connect  the  inner  and  outer  portions. 

Melanoplus  (mel  an  op'lws):  a genus  of  locusts. 

Mesophyll  (mes'o  fil) : the  thin-walled  cells  which  make  up  the  interior 
of  a leaf. 

Mesophyte  (mes'o  fit) : a plant  adapted  to  an  environment  having 
moderate  amounts  of  moisture  in  the  soil  and  air. 

Metabolism  (me  tab '6  llz’m):  the  chemical  processes  in  an  organism 
involving  the  building  up  and  tearing  down  of  the  living  tissues. 

Metamorphosis  (met  d mor'fo  sis) : the  changes  which  take  place  during 
the  development  of  a larva  into  an  adult. 

Microbes  (mi'krobz):  bacteria. 

Micropyle  (mi'kro  pil) : a small  opening  in  a seed  at  the  point  where 
the  pollen  tube  entered  the  ovule. 

Mimicry  (mim'ik  ri) : a resemblance  of  an  organism  to  another  organism, 
presumably  an  adaptation  for  protective  purposes. 

Mollusca  (mol  wsk'a) : an  animal  phylum  including  snails,  clams,  etc. 

Mongrel  (mung'grel):  an  animal  of  mixed  breeding;  an  animal  of  no 
well-defined  breed. 

Monocotyledon  (mon  6 kot  i le'dwn):  a plant  with  one  cotyledon  or 
seed  leaf. 

Motor  areas:  a part  of  the  brain  from  which  nerve  impulses  are  sent  to 
the  muscles. 

Mutant  (mu'tdnt):  an  organism  which  exhibits  one  or  more  characters 
unlike  the  characteristics  of  the  species. 

Mycelium  (mise'liMm):  the  threadlike  mass  of  hyphae  present  in  cer- 
tain fungi. 

Myriapoda  (mir  i d'pod  d) : a class  of  arthropoda  including  centipedes. 
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Nemathelminthes  (nem  a thel'minth  ez):  an  animal  phylum  including 
thread  worms. 

Nerve:  a group  of  parallel  nerve  fibers  bound  together  in  a cable. 

Neuron  (nu'ron):  a nerve  cell  with  its  processes  (axons  and  dendrites). 

Node  (nod):  the  point  at  which  a leaf  grows  from  a stem;  the  places 
on  stems  where  branches  arise. 

Notochord  (nb'to  kord):  an  elastic,  rod-shaped  structure  found  on  the 
dorsal  side  of  all  chordates. 

Nymph  (mmf):  a young  insect  that  resembles  the  adult  in  most  of  its 
characteristics. 

Olfactory  lobe  (61  fak'to  ri  lob):  a region  of  the  brain  concerned  with 
the  sense  of  smell. 

Omasum  (6  ma'sfim) : the  third  division  of  the  stomach  of  a ruminant 
(cud-chewing)  animal,  as,  for  example,  sheep. 

Omnivorous  (om  niv'o  ras):  the  term  applied  to  an  organism  which 
feeds  upon  both  plant  and  animal  foods. 

Optic  lobe  (op'tik):  a region  of  the  brain  concerned  with  vision. 

Optimum  temperature  (op'timum):  the  temperature  at  which  an  or- 
ganism grows  best. 

Organ:  a group  of  tissues  performing  a special  function. 

Organic  matter  (organ'ik):  substances  that  occur  in  living  things  or 
as  a result  of  chemical  processes  going  on  in  living  organisms. 

Organism  (6r'gan  iz’m) : a living  being,  plant  or  animal. 

Orthoptera  (or  thop'ter  a):  an  insect  order  including  grasshoppers, 
crickets,  and  cockroaches. 

Osmosis  (os  mo 'sis):  the  diffusion  or  passage  of  two  solutions  of  unequal 
concentrations  through  a semi-permeable  membrane. 

Osmotic  pressure  (osmot'ik):  the  force  generated  by  the  contact  of 
two  solutions  of  unequal  concentration  separated  by  a semi-permeable 
membrane. 

Ovary  (o'vdri):  the  organ  in  which  the  immature  female  germ  cells 
are  lodged. 

Oviparous  (6  vip'd  rus):  egg-laying. 

Ovipositor  (6  vi  poz'i  ter) : special  organs  which  certain  animals  possess 
for  depositing  eggs,  as,  for  example,  in  the  grasshopper. 

Ovule  (o'vul):  small  bodies  in  the  pistil  which  become  the  seed  after 
fertilization. 

Oxidation  (ok  si  da'shim):  the  combination  of  a substance  with  oxygen. 

Paleontologist  (pa  le  on  tol'o  jist):  one  who  studies  the  fossil  record 
of  life. 

Palisade  cells:  long,  columnar  cells  of  a leaf  usually  situated  below 
the  upper  epidermis. 

Pancreas  (pang'kre  as):  a gland  which  secretes  and  discharges  into  the 
intestines  a fluid  containing  several  digestive  enzymes. 

Parenchyma  (pd  reng'ki  md) : large,  thin-walled  cells  found  in  the  center 
of  most  plant  stems. 

Passive  immunity:  freedom  from  susceptibility  to  a disease  in  which  the 
body  plays  no  part  in  the  production  of  the  immune  bodies. 
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Pasteurization  (pas  ter  1 za'shwn):  heating  of  milk  to  60  degrees  centi- 
grade for  30  minutes  to  prevent  the  growth  of  bacteria. 

Pathogenic  germ  (path  6 jen'ik):  one  that  causes  a disease. 

Pedigree  (ped'i  gre):  the  ancestry  of  an  organism. 

Pepsin  (pep'sm):  an  enzyme  of  the  gastric  juice  which  acts  upon  pro- 
teins and  changes  them  into  substances  which  can  be  absorbed. 

Period  of  gestation  (jes  ta'shtm) : the  time  which  a mammal  spends 
in  the  body  of  its  mother. 

Period  of  incubation  (in  ku  ba'shzm) : the  time  which  an  organism 
spends  while  developing  within  the  confines  of  an  egg. 

Permeate  (pur'me3.t):  to  diffuse  through  a substance  or  space,  espe- 
cially through  minute  pores  in  a substance  or  membrane. 

Petal:  any  single  leaf  in  the  corolla,  or  colored  portion,  of  a flower. 

Petiole  (pet'iol):  a slender  stem,  or  leaf  stalk,  which  fastens  the  leaf 
to  the  larger  stem  of  a plant. 

Pharynx  (far'ingks) : the  very  top  part  of  the  digestive  tube  which  con- 
nects the  mouth  to  the  esophagus;  in  lower  animals  it  is  the  part 
into  which  the  gill  slits  open. 

Phloem  (flo'em):  the  outer  portion  of  the  plant  fibro vascular  bundle  con- 
taining the  sieve  tubes  for  conducting  food. 

Photosynthesis  (fo  to  sin 'the  sis):  the  process  by  which  the  green  plant 
leaf  forms  starch  from  water  and  carbon  dioxide  with  the  aid  of  sun- 
light and  chlorophyll. 

Phototropic  (f5  to  trop'ik):  responsiveness  to  stimulation  by  light. 

Phylum  (fi'him):  the  very  largest  groups  into  which  plants  or  animals 
are  divided  in  classifying  them. 

Pistil  (pis'til) : that  part  of  a seed-bearing  plant  which  contains  the  seeds. 

Pith:  the  loose,  spongy,  connective  tissue  in  the  centre  of  the  stem  of 
dicotyledonous  plants. 

Pituitary  body  (pi  tu.'i  ta  ri):  a ductless  gland  situated  on  the  ventral 
side  of  the  middle  portion  of  the  brain. 

Placenta  (plasen'ta):  in  animals,  a vascular  structure  attaching  the 
young  embryo  to  the  wall  of  the  uterus  so  that  food  and  oxygen  can 
be  absorbed  from  the  blood  of  the  mother;  in  plants,  the  portion  of 
the  ovary  wall  to  which  the  seeds  are  attached. 

Placental  mammal:  any  mammal  in  which  the  young  are  attached  to 
the  wall  of  the  uterus  by  a placenta.  Almost  all  mammals  are  pla- 
cental. 

Plasma  membrane  (plaz'ma):  the  very  thin,  almost  impermeable  mem- 
brane formed  on  the  surface  of  all  living  cells. 

Platyhelminthes  (plat  i hel'minth  ez) : an  animal  phylum  including 
flatworms. 

Pleurococcus  (ploo  ro  kok'iis) : a minute,  single-celled  genus  of  green 
algae.  Usually  found  in  stagnant  water,  on  the  bark  of  trees,  etc. 

Plumule  (ploo'mul) : the  primary  bud  at  the  very  tip  of  the  germinating 
seed  plant;  found  at  the  tip  of  the  stem  in  monocotyledons,  and  be- 
tween the  seed  leaves  in  dicotyledons. 

Pollen  (pol'en):  the  male  spores  of  seed-bearing  plants;  it  is  usually 
in  the  form  of  a fine  yellow  powder. 
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Pollination  (pol  I na'shwn):  the  process  of  transferring  the  pollen  grains 
from  the  stamen  to  the  pistil. 

Polytrichum  juniperinum  (po  lit'ri  kum  joo  ni  per 'i  nam) : hair-cap 
moss. 

Porifera  (po  rif'erd):  an  animal  phylum  including  the  sponges. 

Postulate  (pos'tu  lat) : any  rule  or  law  which  fits  all  the  known  facts 
but  which  is  not  completely  proven. 

Prehension  (pre  hen 'shim):  the  act  of  grasping  with  the  hand  or  other 
extremity. 

Proboscis  (pro  bos'is) : any  sort  of  a tubular  prolongation  of  the  head  or 
mouth  region  of  an  animal;  usually  movable. 

Progeny  (proj'eni):  the  collective  name  for  all  the  offspring  of  any 
particular  plant  or  animal. 

Properties:  the  specific  characteristics  of  an  organism  or  substance. 

Protective  coloration:  the  development  of  a color  scheme  by  an  ani- 
mal of  such  a nature  that  it  harmonizes  perfectly  with  the  surrounding 
landscape. 

Protein  (pro'tein):  one  of  the  three  main  classes  of  foods;  it  differs 
from  other  kinds  of  food  in  that  it  contains  nitrogen. 

Protone ma  (pr5  to  ne'ma):  the  algae-like  base  filament  of  mosses;  it  is 
formed  by  the  germination  of  asexual  spores  and  bears  the  sexual  plants. 

Protoplasm  (prS'to  plaz’m):  a very  complex  mixture  of  proteins  forming 
the  essential  material  of  all  plant  and  animal  cells;  the  basis  of  all  life. 

Protozoa  (pro  to  zb' a):  the  phylum  of  animals  into  which  all  the  single- 
celled  animals  are  grouped. 

Pteridophytes  (ter'i  do  fitz) : the  phylum  of  plants  which  includes  the 
higher,  non-seed-bearing  plants;  commonly  called  ferns. 

Ptyalin  (tl'd  lin):  an  enzyme,  or  digestive  ferment,  found  in  the  saliva 
of  man  and  many  animals;  it  acts  to  split  the  starches  into  sugars. 

Pulmonary  artery  (pul'mo  na  ri):  the  large  artery  carrying  impure 
blood  from  the  heart  to  the  lungs. 

Pulmonary  vein:  the  large  vein  that  collects  the  purified  blood  in  the 
lungs  and  returns  it  to  the  heart. 

Pupa  (pu'pd):  the  quiescent  form  which  insects  assume  to  go  through 
the  metamorphosis  from  larva  to  adult. 

Pure-bred:  an  animal  or  plant  whose  ancestors  are  known  to  have  all 
belonged  to  one  breed,  and  which  will,  itself,  breed  true  to  type. 

Pure  culture:  a culture  containing  organisms  of  one  species  only; 
usually  refers  to  bacteria,  though  it  may  be  applied  to  any  plants  or 
animals. 

Pyrus  (pi  rws)  : a genus  of  plants  including  apples,  pears,  and  quinces. 

Quartz  (kwdrts):  a special  form  of  sand  that  is  transparent  and  usually 
colorless. 

Radicle  (rad'i  k’l):  the  undeveloped  root  of  a seed  or  young  embryo. 

Rana  catesbiana  (ra'nd  kat  es  bi  c'na):  bullfrog.  Pipiens  (pi'piens): 
leopard  frog. 

Receptacle  (re  sep'tdk’l):  the  base  to  which  the  sporangia  of  mosses 
and  ferns  are  attached;  the  base  upon  which  the  flowers  are  borne. 
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Receptor  (re  sep't<?r):  any  specialized  nerve  cell  for  receiving  stimuli. 

Reflex  (re'fleks):  automatic  subconscious  response  to  a specific  stimulus. 

Reflex  arc:  all  the  nerves  involved  in  conveying  both  the  stimulus  and 
response  impulses  necessary  to  produce  a particular  reflex  action. 

Regeneration  (re  jen  er  a'shim):  the  replacing  of  lost  parts  by  lower 
plants  and  animals. 

Rejuvenation  (re  joo  ve  na'shzm):  to  re-strengthen  or  to  make  as  if 
young  again. 

Respiration  (res  pi  ra'shim):  the  process  of  breathing  by  cells  in  which 
oxygen  is  used  to  secure  energy  from  foods  and  a waste  gas  is  thrown 
off. 

Reticulum  (re  tik'u  lum):  the  second  stomach  of  ruminant  (cud-chewing) 
animals,  as  the  cow. 

Retina  (ret'i  no):  the  inner  coat  of  the  eye  which  is  sensitive  to  light 
and  on  which  the  image  falls. 

Rhizoids  (ri'zoidz):  root-like  hairs  of  mosses  and  ferns. 

Rhizome  (ri'zom):  an  underground  stem. 

Rosette  (ro  zet'):  leaves  of  a plant,  such  as  the  dandelion  or  plantain, 
that  are  arranged  in  the  form  of  a rose  and  lie  close  to  the  ground. 

Rumen  (roo'men):  the  first  stomach  of  a cow  or  other  ruminant. 

Saprophyte  (sap'ro  fit):  a plant  that  does  not  make  its  own  food,  but 
lives  on  dead  organisms. 

Scapula  (skap'u  la):  the  shoulder  blade. 

Scion  (si'iin) : a bud,  shoot,  or  other  part  of  a plant  that  is  taken  from  one 
plant  and  grafted  on  to  another. 

Secretion  (se  kre'shttn):  a substance  prepared  by  the  glandular  tissues 
in  the  body;  for  example,  saliva  is  secreted  by  the  salivary  glands. 

Sedimentary  (sed  i men  'td  ri) : formed  by  sediment  or  fine  particles  of 
material  in  water  that  settle  to  the  bottom;  limestone  and  sand- 
stone are  sedimentary  rocks. 

Seed  coat:  the  membrane  that  covers  a seed. 

Seedling:  a young  plant  grown  from  seed. 

Segmentation  (seg  men  ta'shwn):  separation  into  parts. 

Sensation:  awareness  of  light,  sound,  heat,  etc.,  resulting  from  nervous 
impulses  carried  to  the  brain. 

Sense  organ:  an  organ,  such  as  the  eye,  that  responds  to  stimulation 
of  a special  kind. 

Sepal  (se'pal) : a leaf  or  division  of  the  calyx. 

Serum  (se'r«m):  the  pale,  yellowish,  watery  substance  which  separates 
from  the  clot  during  the  coagulation  of  the  blood. 

Seta  (se'ta):  the  stem  that  supports  the  spore  case  in  moss  plants;  any 
bristle-like  organ  of  lower  animals. 

Shoot:  the  stem  and  leaves  of  a plant  taken  together,  especially  one 
that  has  newly  developed. 

Sieve  tube  (siv):  the  elongated  cells  in  the  bark  of  plants  that  conduct 
most  of  the  manufactured  food. 

Silt:  fine  earth  that  deposits  from  water. 

Simple  eye:  a small  eye  composed  of  a single  lens,  such  as  occur  in  the 
grasshopper  or  locust. 
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Sinus  (si'nws):  a cavity  in  the  bones  of  the  head  that  connects  with  the 
nose. 

Sire  (sir) : the  male  parent,  particularly  among  four-footed  animals. 

Solvent  (sol 'vent) : a substance  which  dissolves  other  substances,  as  water 
is  a solvent  of  sugar,  salt,  etc. 

Somite  (so'mit):  one  of  the  sections  into  which  the  bodies  of  many 
animals  are  divided ; the  somites  in  the  abdomen  of  most  insects  are 
easily  distinguishable. 

Spawn  (sp6n):  the  laying  of  eggs  by  fish,  oysters,  etc. 

Sperm  (spurm) : the  male  reproductive  cells  of  plants  or  animals. 

Spermatophyte  (spur'ma  to  fit):  a seed-bearing  plant. 

Spiracle  (spir'd  k’l) : a breathing  pore  in  lower  animals. 

Spleen  (splen):  a large,  purplish,  ductless  gland  located  at  the  left  end 
of  the  stomach. 

Sporangium  (spo  ran'ji  um):  a spore  case  in  which  asexual  spores  are 
produced. 

Spore  (spor):  a cell  which  can  produce  a new  individual  without  fer- 
tilization. 

Sprain  : the  wrenching  or  tearing  of  ligaments  in  a joint. 

Stamen  (sta'men):  the  floral  organ  that  bears  pollen. 

Sterile  (ster'il):  lack  of  reproductive  organs  or  the  power  to  produce 
young. 

Stigma  (stig'ma) : the  upper  part  of  the  pistil  of  a flower. 

Stimulant  (stim'u  lant):  any  substance  that  can  cause  the  nervous 
system  to  become  more  active. 

Stimulus  (stim'u  1ms):  any  condition  which  brings  about  a response  in 
an  organism. 

Stolon  (sto'lon):  a shoot  from  a parent  plant  growing  underground  as 
a runner  or  above  ground  producing  buds  and  a new  plant. 

Stoma,  plural  stomata  (stb'md,  sto'mdtd):  an  opening  in  the  epidermis 
of  a plant  protected  by  guard  cells,  through  which  gas  exchange  takes 
place  with  the  surrounding  atmosphere  and  the  intercellular  spaces. 

Strain:  groups  of  plants  or  animals  that  differ  slightly  from  the  race  to 
which  they  belong. 

Strata  (stra'ta):  bodies  of  rock  or  earth  formed  by  natural  causes,  and 
consisting  usually  of  a series  of  layers  lying  between  layers  of  other 
kinds  of  rock  or  earth. 

Style:  the  part  of  the  pistil  between  the  stigma  and  the  ovary,  or  the 
stem-like  part  of  the  pistil. 

Sugar:  a carbohydrate  food  composed  of  carbon,  hydrogen,  and  oxygen, 
soluble  in  water  and  sweet  tasting. 

Swarming:  the  division  of  a colony  of  bees  or  other  insects  into  two 
groups,  one  half  leaving  to  seek  a new  home;  it  occurs  only  when  a 
new  queen  is  born. 

Swimmerets  (swim'er  ets) : the  swimming  appendages  on  the  abdomen 
of  a crayfish. 

Symbiosis  (sim'bi  5 sis):  organisms  of  different  nature  living  in  a state  of 
mutual  helpfulness. 

Symmetry  (sim'e  tri) : a balanced  arrangement  of  parts. 


GLOSSARY 


405 


Tadpole:  a frog  or  toad  in  the  larval  stage  of  its  development. 

Talon  (tal'wn):  the  curved  claw  of  a bird  of  prey. 

Tankage  (tangk'aj):  dried  animal  food  prepared  from  slaughterhouse 
waste  materials. 

Tendril  (ten'dril):  a slender,  leafless  twining  organ  of  such  plants  as 
grapevines  that  affords  a means  of  attachment  for  support. 

Tentacle  (ten'tak’l):  a flexible  appendage  of  many  lower  animals 
used  as  a feeler,  or  as  an  organ  of  motion  or  attachment. 

Thallophytes  (thal'o  fitz):  the  lowest  group  of  plants;  commonly  com- 
posed of  threadlike  filaments. 

Thermotropism  (ther  mot'ro  piz’m):  response  of  plants  and  animals  to 
temperature. 

Thigmotropism  (thig  mot'ro  piz’m) : tendency  of  plants  and  animals  to 
react  to  the  stimulus  of  touch. 

Thoracic  duct  (tho  ras'ik):  the  main  canal  of  the  lymphatic  system. 

Thorax  (thS'raks):  in  insects  the  part  of  the  body  between  the  head  and 
abdomen;  the  chest  cavity  in  man  and  higher  animals. 

Thyroid  gland  (thi'roid):  a large  ductless  gland  in  the  lower  front  part 
of  the  neck;  the  enlargement  of  this  gland  is  called  a goiter. 

Toxin  (tok'sin):  a poisonous  protein  substance  formed  by  parasites. 

Trachea  (tra'ke  a):  the  main  passage  of  the  respiratory  system,  which 
conducts  air  to  and  from  the  lungs;  commonly  known  as  a “wind- 
pipe.” 

Tracheal  tube  (tra'ke  dl) : any  of  the  branches  of  the  trachea;  commonly 
used  in  describing  the  respiratory  system  of  animals. 

Tracheid  (tra'ke  id):  a thick-walled,  elongated,  woody  cell  pointed  at 
both  ends. 

Transpiration  (tran  spi  ra'shdn):  the  giving  off  of  water  vapor  from 
the  green  parts  of  plants. 

Tropism  (tro'piz’m):  the  response  of  an  organism  to  a particular  stimulus, 
such  as  is  shown  by  simple  animals  and  plants. 

Trypsin  (trip'sm):  an  enzyme,  or  digestive  ferment,  found  in  the  secre- 
tions of  the  pancreas;  its  function  is  to  split  protein  matter. 

Tuber  (tu'ber):  a small,  fleshy,  underground  stem  or  shoot,  having  tiny 
leafy  scales  with  buds  or  “eyes,”  as  in  the  potato. 

Tubercle  (tu'ber  k’l):  a small,  round,  knoblike  protrusion  on  an  organ- 
ism, such  as  the  nodules  on  the  roots  of  beans  and  peas,  adventitious 
buds,  or  any  small  tuber. 

Tuberculin  (tu  bur'ku  lin):  a liquid  containing  the  growth  products  of 
the  bacterium  which  causes  tuberculosis. 

Turgid ity  (tur  jid'i  ti) : the  extent  of  swelling  of  a whole  plant  or  ani- 
mal, or  one  of  its  parts. 

Turgor  (tur'gor):  a condition  of  normal  rigidity,  or  stiffness,  of  living 
plant  cells,  caused  by  the  pressure  of  water  upon  the  cell  walls. 

Unit  character:  characteristics  or  traits  of  an  individual  which  may  be 
independently  inherited. 

Urea  (u'red):  the  main  waste  product  of  protein  matter  in  the  bodies 
of  animals,  as  a result  of  the  process  of  catabolism. 
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Vaccinate  (vak's!  nat) : to  innoculate  mildly  with  the  germ  which  causes 
a particular  disease  in  order  to  immunize  the  organism  to  that  diesase 
in  the  future. 

Vaccine  (vak'sin):  any  disease-producing  organism  which  is  used  for 
preventive  vaccination. 

Vacuole  (vak'u  5l) : a little  space  in  the  cell  of  an  organism,  containing 
air  or  fluid  secretions. 

Variation  (va  ri  a/shim):  minor  differences,  not  inheritable,  which  con- 
stantly show  up  in  animals  or  plants,  all  of  whom  belong  to  the  same 
breed  or  species. 

Vascular  bundles  (vas'ku  lar) : a bundle  of  conductive  tissues  found  in 
the  roots,  stems,  and  leaf  veins  of  the  higher  plants. 

Vein:  any  blood  vessel  carrying  blood  from  the  organ  or  tissue  back 
toward  the  heart. 

Vena  cava  (ve'nd  ka'vd):  the  main  vein,  in  higher  vertebrates,  carry- 
ing blood  from  the  posterior  half  of  the  body  to  the  heart. 

Ventral  (ventral):  the  lower,  or  abdominal,  side. 

Ventricle  (ven'tri  k’l):  a main  pumping  chamber  of  the  heart;  there  is 
one  right  and  one  left  ventricle  in  the  higher  vertebrates. 

Vermiform  appendix  (vur'ml  form):  a hollow,  narrow  tube,  ending 
blindly,  at  the  junction  of  the  large  and  the  small  intestine. 

Vertebra  (vur'te  brd):  one  of  the  bony  segments  which  are  jointed 
together  to  make  up  the  vertebral  column. 

Vertebral  column  (vur'te  brdl) : the  jointed,  bony  column  surrounding 
the  spinal  cord;  commonly  the  backbone. 

Vertebrates  (vur'te  bratz) : a phylum  of  animals  characterized  by 
having  a vertebral  column  or  backbone. 

Villi  (vil'i):  small  wavy  structures  extending  into  the  small  intestine 
which  increase  the  absorbing  area  of  the  intestine. 

Vi'rus  (vi'rus):  the  poison  from  any  infectious  disease. 

Vitamin  (vi'td  min) : any  of  a group  of  food  constituents,  the  chemical 
composition  of  which  is  not  exactly  known,  and  of  which  small  amounts 
are  necessary  for  the  normal  nutrition  of  animals,  and  possibly  of 
plants. 

Viviparous  (vi  vip'd  rus) : bringing  forth  young  alive  rather  than  by 
the  laying  of  eggs. 

Xerophytes  (ze'rofitz):  plants  that  grow  in  dry  situations,  as  desert 
plants. 

Xylem  (zi'lem):  the  woody  portions  of  plants. 

Zygote  (zi'got):  a spore  formed  by  the  union  of  two  gametes. 
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Abdomen,  of  man,  79*,  81*,  86*; 
of  grasshopper,  268,  269*;  of 
crayfish,  271* 

Abomasum,  82* 

Accredited  Herd  Plan,  of  tuber- 
culosis control,  353,  354 
Accretion,  108 

Acquired  characteristics,  372 
Acrididae,  characteristics  of,  277 
Adventitious  roots,  127 
Africa,  animals  in,  195,  248 
Agassiz,  Louis,  206 
Agave,  214 

Agriculture,  Dominion  Department 
of,  and  soil  analysis,  321 ; fertilizer 
analysis,  324;  recommendations 
for  control  of  equine  encephalo- 
myelitis, 353 

Air,  as  source  of  food  materials  for 
plants,  23*,  28;  use  of  in  breath- 
ing, 91;  in  water,  94-95;  com- 
pared with  water  as  environment- 
al factor,  197-198;  pressure  and 
living  things,  209;  properties  of, 
211-212 

Air-pipe  system,  of  insects.  95 *-96; 
of  birds,  96 

Air  pressure,  in  breathing,  91;  as 
an  environmental  factor,  209 
Air  sacs,  91*,  270 
Albino,  370 

Alcohol,  effect  of  on  body,  57,  147 
Alfalfa,  322,  324 

Algae,  brown,  111;  green,  166, 
classification  of,  285*,  286 
Alimentary  canal,  of  chicken,  83*; 
of  earthworm,  85*;  of  man,  86*- 
88;  of  grasshopper,  270*;  of 
crayfish,  272* 


Alligator,  breathing  of,  91;  rate  of 
growth  of,  139;  young,  153*; 
eggs,  181*;  parental  care  by, 
181*;  adaptation  to  water  hab- 
itat, 210;  tail  as  a weapon,  219 
Amaranth,  342 
Amber,  230 

Ammonium  sulphate,  322 
Amoeba,  food-getting  methods  of, 
13*,  72*;  distribution  of  food  in, 
84*;  removal  of  wastes  in,  98; 
reproduction  in,  157*,  160*,  181 
Amphibians,  fossils  of,  234;  classi- 
fication of,  284 
Amylopsin,  78 

Anabolism,  meaning  of,  122;  and 
life  of  organisms,  139 
Anemone,  290* 

Angiosperms,  288 

Animal  Diseases  Research  Insti- 
tute, and  investigation  of  equine 
encephalomyelitis,  353 
Animal  housing,  316*-318*,  317* 
Animal  kingdom,  characteristics  of 
major  phyla  of,  282-284;  chart 
of  phyla  of,  293 

Annelida,  characteristics  of,  284 
Annual  plants,  127 
Annual  rings,  124*,  125* 

Ant,  metamorphosis  of,  132-133; 

classification  of,  275 
Antelope,  218*,  224,  339 
Antennae,  of  grasshopper,  18*, 
268*,  269*;  of  crayfish,  271*,  272* 
Antennules,  271*,  272* 

Anther,  170,  171*,  172*,  175* 
Antheridia,  169*,  287* 

Antibodies,  352 

Apple,  seed,  174*;  blossom,  178* 
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Apple,  genus  of,  295 
Archaeopteryx,  233* 

Archegonia,  169*,  287* 

Arctic  fox,  226 
Arctic  hare,  226 
Arctic  regions,  195 
Aristotle,  152,  259 
Armadillo.  220,  221* 

Arsenic,  347 
Arteries,  86,  87,  92* 

Arthropoda,  general  characteristics 
of,  273,  284 

Asexual  reproduction,  of  animals, 
157*-158*,  160*-161*;  of  plants, 
158*-160,  162*- 1 64* ; compared 
with  sexual  reproduction,  165 
Asia,  animals  in,  248 
Assimilation,  meaning  of,  109;  a 
process  of  growth,  112;  a step  in 
germination  of  seeds,  117 
Auricle,  93* 

Australia,  246,  249,  250,  251 

Bacteria,  kinds  of,  44-45*;  distri- 
bution of  food  in,  84;  Pasteur’s 
experiment  with,  154;  reproduc- 
tion in,  157;  as  agents  in  fertili- 
zation of  soil,  321 

“Balance  of  life,”  explained,  237; 

how  secured,  241-247 
Balanced  aquarium,  242-243 
Balsam  poplar,  buds  of,  122*,  333 
Barberry,  349-350 
Bark,  124* 

Barley,  321* 

Barnacle,  273 
Basswood,  128,  129 
Bast,  124*,  214-215 
Bathing,  101 
Beaks,  of  birds,  194* 

Bean,  parts  of  seeds  of,  113*- 114; 
germination  of,  i/5*-119;  shoot, 
122;  rate  of  growth  of,  128;  soy, 
322*,  324 
Bear,  140,  248 

Beaver,  219,  248;  and  the  conserva- 
tion of  moisture,  339 
Bed  rock,  307* 

Bee,  and  pollination,  178*,  245; 


protective  structure  of,  220; 
warning  coloration  of,  227;  class- 
ification of,  273,  275 
Beetle,  metamorphosis  of,  132-133; 
blister,  183,  344;  Novius  Car- 
denalis , 246;  classifications  of,  276 
Beri-beri,  62 
Biennials,  127 
Bile,  78 

Binary  fission,  157*-158* 

Birds,  food-getting  methods  of,  4*, 
7*;  food-getting  structures  of,  16; 
breathing  of,  91;  air-pipe  system 
of,  96;  periods  of  incubation  of, 
137;  and  dispersal  of  seeds,  174; 
reproduction  in,  180;  parental 
care  among,  185-187*,  186*;  as 
destroyers  of  insects,  247,  adapta- 
tion in  beaks  of,  194*;  fossil,  233*; 
phylum  of,  284;  destruction  of, 
336-337*;  sanctuaries  for,  338 
Bird’s  foot  violet,  262* 

Bitterweed,  264*,  265 
Blackberry,  383-385 
Blackbird,  370* 

Black  snake,  137 
Blastula,  135,  136* 

Blattidse,  277 
Blight,  44 
Blister  beetle,  183 
Blood,  as  carrier  of  food,  86-87*; 
vessels,  86,  87*;  corpuscles,  87*; 
circulation  of,  91-92*,  93*,  94;  as 
carrier  of  waste  materials,  100- 
101* 

Bloodvessels,  86,  87*,  92*,  93*,  101* 
Blueberry  plant,  148*,  149,  308* 
Bluebird,  186 
Bluet,  177 
Boa  constrictor,  225 
Boll  weevil,  period  of  development 
of,  134;  control  of,  348* 

Bones,  foods  necessary  for  building 
of,  60,  64,  65*,  141*,  142*,  143* 
Bottle  tree,  254* 

Brachiopod,  229* 

Brain,  of  man,  21* 

Bread  mold,  structure  of,  43;  food- 
getting of,  43 ; distribution  of 
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food  in,  84;  reproduction  in, 
158-159* 

Breathing,  of  mammals,  91;  of  fish, 
94*,  95;  of  insects,  95*;  of  birds, 
96;  of  higher  plants,  96* 

Bronchi,  92* 

Bryophytes,  characteristics  of,  286* 
Buckwheat,  343 

Budding,  a mode  of  reproduction, 
110*,  158* 

Buds,  yeast,  110*;  kinds  of  on 
shoots,  12l*\  of  hydra,  158*;  of 
potato,  162*- 163 
Bugs,  classification  of,  276 
Bulbs,  163*,  164* 

Bullfrog,  132,  258* 

Bumblebee,  245,  276* 

Burbank,  Luther,  295,  383-387,  386 
Burrowing  beetle,  219 
Butterfly,  food-getting  structures 
of,  16*;  metamorphosis  of,  132- 
133;  period  of  development  of 
cabbage,  134;  period  of  develop- 
ment of  monarch,  134;  parental 
care  by  cabbage,  183;  warning 
coloration  of,  227;  mimicry  of 
viceroy,  228*;  classification  of, 
276* 

Buzzard,  194* 

Cabbage,  pollination  of,  175 
Cactus,  193*,  216,  217* 

Calcium,  percentage  in  human 
body,  55-56* ; for  building  of 
teeth  and  bones,  60,  61*,  141*, 
142*,  143*,  144*;  as  soil  fertilizer, 
323-324 

California,  246,  314 
Calorie,  68-69 
Calyx,  171*,  173 
Cambium,  124*- 125,  380,  381 
Camel,  life  span  of,  140;  geographic 
distribution  of,  195,  248-249, 

protective  coloration  of,  224 
Canada  geese,  186* 

Canary,  137,  140 
Canker  worm,  275 
Cantaloupe,  260*,  295 
Capillaries,  of  digestive  system, 


77*,  86,  87;  of  lungs,  91*,  of 
circulatory  system,  92,  93* 
Capillary  force,  307 
Capillary  water,  303,  304-308,  306 
Capsule,  of  moss  plant,  169*,  170 
Carbohydrates,  as  a class  of  food, 
33,  40,  58,  59*;  manufacture  of 
by  leaves,  34,  36,  39-41;  com- 
position of,  59;  sources  of,  59* 
Carbon,  element  in  sugar,  37-38; 
percentage  of  in  human  body, 
55-56*;  element  in  protein,  58 
Carbon  dioxide,  use  by  plants,  36, 
39,  40,  109;  as  waste  material,  92, 
98;  removal  of  from  organisms, 
99*- 100* 

Carbonic  acid,  312 
Carnivorous,  explained,  10,  80* 
Carolina  locust,  277*-278 
Carrotwood,  264*,  265 
Cartilage,  138*,  139 
Cast,  fossil,  230* 

Cat,  food-getting  methods  of,  8*; 
food-getting  structures  of,  17,  18; 
life  span  of,  140;  parental  care 
by,  188;  and  clover  supply,  245; 
adaptation  of,  219 
Catabolism,  122,  139 
Caterpillar,  protective  structures  of, 
221;  tussock,  263*;  control  of, 
344* 

Cattle,  food-getting  methods  of,  7 ; 
food-getting  structure  of,  11-12; 
gestation  period  of,  137;  housing 
of,  316*;  Shorthorn,  388;  Here- 
ford, 389* 

Cauliflower,  315 

Cecropia  moth,  metamorphosis  of, 
106*;  protective  structure  of 
larva  of,  220* 

Cedar  trees,  130 

Cells,  of  roots,  25*-26;  kinds  of 
plant,  28,  29*,  30,  31*,  35*,  73; 
unit  of  structure  of  living  things, 
71 ; structure  of  plant  and  animal, 
72*- 74;  kinds  of  plant  and  ani- 
mal, 72*;  structure  of  typical,  72- 
73*;  of  human  body,  74*;  relative 
size  of,  73;  work  of,  74;  distri- 
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bution  of  food  of  lower  plants  and 
animals  to,  83,  84*,  85*,  86; 
distribution  of  food  of  higher 
plants  and  animals  to,  86*,  87*, 
88;  regulation  of  amount  of  oxy- 
gen sent  to,  94;  growth  and 
division  of,  109*,  110*,  111*,  112, 
121;  growth  of  yeast,  110*; 
mother,  110*;  growth  of  Pleu- 
rococcus,  110*-111;  growth  of 
Spirogyra,  111*;  growth  of  Uloth- 
rix,  111*;  division  of  in  hydra, 
111;  differentiation  of,  1 1 1*-1 12, 
135-136;  in  stem  of  dicotyledon, 
124*- 125;  egg,  134,  135,  136; 
daughter,  135;  reproduction  de- 
pendent upon  division  of,  164 
Cell  sap,  26,  27,  29,  30*,  31*,  32,  88 
Cell  wall,  72-73* 

Cellulose,  72 
Centipede,  273* 

Century  plant,  32* 

Cephalo-thorax,  271* 

Chameleon,  225-226 
Chemical  change,  nature  of,  38; 
decomposition  a form  of,  38; 
combination  a form  of,  38-39; 
within  cells  of  living  things,  51, 
109;  in  digestion,  76,  77,  78,  79; 
increase  of  rate  of,  80*-S  1*,  82* 
Chemical  energy,  36 
Chemical  wastes,  98 
Chickens,  food-getting  structures 
of,  12;  digestive  system  of,  81*, 
82,  83*;  period  of  incubation  of, 
135,  137;  steps  in  incubation  of, 
735-136*;  parental  care  by,  187; 
adaptation  of  feet  of,  219*;  em- 
bryo, 281*;  housing,  316-317*; 
breeding  of,  378,  391 
Chicken  mite,  351 
China,  animals  in,  249,  387 
Chitin,  268,  274 

Chlorine,  element  in  salt,  39;  per- 
centage in  human  body,  55 
Chlorophyll,  34-35*,  36 
Chloroplasts,  35*,  36,  39 
Cholera,  hog,  351-352,  353* 
Chordata,  characteristics  of,  284 


Chromosomes,  365*-366 
Chrysanthemum,  313* 

Cicada,  134 

Cilia,  of  paramecium,  14*;  of  clam, 
15;  of  sperm,  167*,  169* 

Ciliated  cell,  74* 

Cineraria,  214 

Circulatory  system,  parts  of,  91-92*, 
93*;  affected  by  drugs,  147;  of 
grasshopper,  270*;  of  crayfish, 
272* 

Clam,  food-getting  structures  of, 
15*;  cells  from  gill  of,  72*; 
breathing  of,  95;  reproduction  in, 
179-180;  classification  of,  284 
Class,  explained,  274 
Clay,  302 
Clay,  Henry,  389 
Cleavage,  135 

Clover,  343;  pollination  of  by  bees, 
245;  and  acid  soil,  324 
Club  mosses,  287 
Coal,  89*,  90 
Cockroach,  277 
Cocoon,  106*,  184* 

Codfish,  rate  of  breeding,  238 
Codling  moth,  344 
Ccelenterata,  283,  292 
Cold-blooded  animals,  97 
Cold-frames,  314,  315 
Coleoptera,  276* 

Combination,  of  substances,  38-39 
Compounds,  meaning  of,  37 
Cone,  of  gymnosperms,  288,  289* 
Conjugation,  167  *-168* 
Conservation,  330-340 
Contact  poisons,  348* 

Contractile  vacuole,  of  paramecium, 
14*,  98;  of  amoeba,  84*,  98 
Coral,  283 
Coral  islands,  233 
Coral  polyps,  161 
Cork  cells,  124* 

Com,  arrangement  of  fibrovascular 
bundles  in,  32*;  shoots  of,  122^ 
rate  of  growth  and  size  of,  128; 
temperature  required  for  ger- 
mination, 310-311;  nitrogen  and 
mineral  requirements  of,  320; 


INDEX 


411 


effect  of  fertilizer  on,  320;  yield 
as  affected  by  rotation,  325; 
cross-breeding  of,  360*;  breeding 
for  oil  content.  376-377 
Corn  grain,  parts  of,  113,  114*; 
early  steps  in  the  germination  of, 
115,  116-118;  later  steps  in  the 
germination  of,  115,  116*,  119* 
Corpuscles,  red,  74*,  87,  92;  white, 
87*;  malarial  fever  parasite  in 
red,  160 

Cortex  cells,  of  dicotyledonous 
stem,  124*-,  of  monocotyledonous 
stem,  125,  126* 

Cottonwood,  178 

Cottony  cushion  scale,  246*-247 
Cotyledons,  113*,  114,  118,  119 
Couch  grass,  342 
Cow  bird,  185 
Cowpeas,  343 
Coyote,  224 
Crab,  248*,  273,  274 
Crayfish,  food-getting  structures  of, 
15;  breathing  of,  95;  life  span  of, 
140;  regeneration  in,  161;  anat- 
omy of,  271*-272*;  compared 
with  grasshopper,  272-274 
Creeper,  194* 

Creosote,  340 
Creosote  bush,  214 
Cretinism,  145 
Cricket,  276* 

Crocodile,  life  span  of,  140;  adapta- 
tions of  to  habitat,  210*;  related 
to  dinosaur,  235 

Crop,  of  chicken,  83*;  of  earthworm, 
85*;  of  grasshopper,  270* 

Crop  rotation,  explained,  324-326 
Cross-breeding,  of  plants,  373-376, 
383,  387;  of  animals,  387,  390 
Cross-pollination,  securing  of,  172*, 
175,  177*-178*;  of  blackberries, 
384-385 
Crow,  370* 

Crustacea,  explained,  274 
Crystals,  growth  of,  108 
Cucumber,  260*,  295 
Cutin,  213-214 

“Cuttings,”  of  stems,  379-380 


Cuttlefish,  221,  284 
Cutworms,  344-345 
Cyclops,  classification  of,  274 
Cypress  trees,  size  of,  130 
Cytoplasm,  of  cells,  72-73*;  division 
of,  109* 

Dahlia,  pollen  grains  of,  173* 

Dairy  barn,  316* 

Dam,  389 

Darwin,  Charles,  239,  245* 
Daughter  cells,  135 
Dead-leaf  butterfly,  223 
De  Bary,  349 

Decomposition,  a form  of  chemical 
change,  38* 

Deep-sea  fish,  202*,  207*-209,  208* 
Deer,  248 
Dermis,  101* 

Diaphragm,  use  of  in  breathing,  91 
Diastase,  plant  enzyme,  78,  117; 

effect  on  starch,  78-79 
Diatoms,  204* 

Dicotyledons,  a group  of  plants, 
114;  parts  of  a shoot  of,  121*, 
122*,  123*;  growth  in  length  of 
stems  of,  121-122;  structure  of 
stem  of,  1 24*- 125*;  growth  in 
diameter  of  stems  of,  124-125*; 
rate  of  growth  and  size  of,  128, 
129*;  characteristics  of,  289-290* 
Diet,  based  on  kinds  of  foods,  66; 
based  on  quantity  of  foods,  66-67, 
68;  growth  affected  by,  141*-144*, 
142*,  143*;  of  rats,  141*-143*, 
142*;  effect  of  mother's  upon 
growth  of  offspring,  142-143* 
Differentiation,  of  cells,  111-112;  of 
cells  of  chicken,  135-136 
Digestion,  meaning  of,  75;  nature 
of,  76;  of  starch,  76,  77;  juices, 
77*,  78*,  79*;  of  proteins,  78;  of 
fats,  78;  of  sugar,  78;  in  plants, 
78-79\  structures  of  animals  to 
assist  in,  79-80*;  81  *-82* ; in 
germination,  117;  affected  by 
drugs,  147 

Digestive  juices,  kinds  of,  77; 
action  of,  77;  saliva,  77;  gastric, 
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78;  pancreatic,  78;  bile,  78; 
intestinal,  78;  in  plants,  79 
Digestive  system,  of  man,  77*-79*, 
86*-87*;  glands  of,  78*,  79*;  of 
sheep,  81-82*;  of  lion,  82;  of 
chicken,  83*;  of  plants,  75,  83, 
88;  of  amoeba,  84*;  of  hydra,  84- 
85*;  of  earthworm,  85*-86;  of 
grasshopper,  270*;  of  crayfish, 
272* 

Dinosaura,  335* 

Diptera,  276* 

Disease,  effect  of  vitamins  on,  56, 
62,  63,  64;  control  of  domestic 
plant  and  animal,  349-355 
Dodder,  44* 

Dog,  food-getting  structures  of,  12, 
17,  18*;  growth  of,  105*;  gesta- 
tion period  of,  137 
Dominant  character,  367 
Dorset,  Marion,  352 
Douglas  fir,  130 
Dragonfish,  202*,  208* 

Drainage,  of  soil,  309-310,  311* 

Drugs,  147 

Dry  farming,  309 

Duck,  period  of  incubation  of,  137; 
beak  of,  194*;  feet  of,  219;  flight, 
338*;  protection  of,  338 
Ductless  glands,  144-146 
Ducts,  of  plants,  25*;  of  digestive 
glands,  77* 

Dujardin,  71 
Dyes,  331 

Eagle,  4* 

Ear,  of  grasshopper,  269* 
Earthworm,  food-getting  structures 
of,  15*;  digestive  system  of,  85*- 
86;  removal  of  waste  materials 
by,  99;  reproduction  in,  178-179; 
parental  care  by,  181-182;  classi- 
fication of,  284 

E chino dermata,  characteristics  of, 
283 

Eels,  185 

Egg,  of  Cecropia  moth,  106*;  of 
frog,  131*,  132*;  of  housefly, 
133*;  of  mosquito,  133*;  of 


honeybee,  133*;  of  clothes  moth, 
133*;  of  grasshopper,  134*;  of 
salamander,  152*;  of  alligator, 
153*,  181*;  of  oedogonium,  167*, 
of  brook  trout,  179*;  of  snapping 
turtle,  180*;  of  tick,  182*;  of  bee, 
183*;  of  Ichneumon  fly,  184* 
Egg  cell,  134-135 
Eijkman,  62 

Electric  current,  used  to  decompose 
water,  38* 

Element,  meaning  of,  37-38 
Elephant,  gestation  period  of,  137; 
life  span  of,  140;  rate  of  breeding 
of,  238 

Elephant  Heart  plum,  384* 

Elm,  130,  174* 

Embryo,  of  bean,  114;  of  corn,  114*; 
and  enzymes,  117;  of  chicken 
egg,  135,  136*,  137;  of  flower 
seed,  173;  of  vertebrates,  281*- 
282 

Embryo  sac,  172*,  173 
Embryology,  137 
Endocrine  glands,  144,  145-146 
Endosperm,  114*,  119 
Energy,  light  as  a form  of,  36;  food 
as  source  of,  49*-50,  51-53*,  89; 
muscular,  52;  excess  protein  a 
source  of,  58;  carbohydrates  a 
source  of,  59;  fats  a source  of, 
59;  and  calories,  67-68;  amount 
needed,  68,  96-97;  processes  of 
obtaining  from  food,  88-97 
Environment,  meaning  of  adap- 
tation to,  191-195;  part  play- 
ed by  in  variation,  371-372 
Enzymes,  function  of,  77  ; in  saliva, 
78;  in  gastric  juice,  78;  in  pan- 
creatic juice,  78;  in  plants,  78-79, 
117;  in  bread  mold,  84 
Epidermal  cells,  of  leaf,  28*,  35*; 

of  stem,  31*;  of  roots,  118 
Epidermis,  of  leaf,  28*,  35*;  of 
skin,  101*;  of  water  plants,  205, 
213*,  214 

Equisetum  arvense,  287* 

Erosion,  explained,  332* 

Eskimos,  189,  190 
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Esophagus,  of  chicken,  83*;  of 
earthworm,  85*;  of  man,  86*;  of 
grasshopper,  270*;  of  crayfish, 
272* 

Eucalyptus,  130 
Euglena,  282 

Evaporation,  prevention  of  in  land 
plants,  214;  prevention  of  from 
soil,  308*-309* 

Excretion,  100-101* 

Exercise,  value  of,  101,  148 
Exo-skeleton,  268,  271,  274 
Eyes,  of  deep-sea  fish,  208*,  209; 

of  grasshopper,  268*,  269* 
“Eyes,”  of  potato,  162*-163 

Facets,  268*,  269 
Fairy  shrimp,  274* 

Family,  explained,  276-277 
Fats,  manufacture  of  by  plants,  23, 
40;  as  class  of  food,  33,  58,  59- 
60*;  composition  of,  40-41,  59; 
digestion  of,  78,  87* 

Fauna,  250 

Female,  function  of  in  reproduc- 
tion, 179 

Fermentation,  311 
Fern,  fossil  imprint  of,  231*,  re- 
production, 287*,  288*;  unit 

characters  of,  364* 

Fertilization,  explained,  167 
Fertilizers,  determination  of  soil 
need  of,  319-321;  kinds  of,  321*- 
324* 

Fever,  malarial,  160 
Fibrous  root  system,  127 
Fibro vascular  bundles,  structure  of, 
30*,  31*,  32*,  88,  125,  126 
Filaments,  Spirogyra,  111 ; Ulothrix, 
111;  parts  of  flower,  170,  171* 
Fish,  breathing  of,  94*,  95;  rate  of 
growth  of,  139;  effect  of  diet 
upon  growth  of,  142-143,  144*; 
reproduction  in,  179*;  parental 
care  by,  181-182,  185*;  adapta- 
tions of  to  a water  habitat,  192, 
196*,  202*,  206-209;  protective 
structures  of,  221;  fossils  of,  232*, 
234;  classification  of,  284 


Flatworm,  reproduction  in,  157-158* 
Flax,  false,  342 

Flea,  metamorphosis  of,  132-133 
Flicker,  7,  194*,  265* 

Flipper,  of  crayfish,  271*  272;  of 
whale,  280* 

Floods,  and  forests,  332 
Flotation,  of  objects,  200-201;  de- 
vices of  organisms,  201*,  203; 
devices  of  plants,  204*-205*; 
devices  of  animals,  206,  207*, 
208* 

Flower,  buds,  121,  122*;  parts  of 
used  in  reproduction,  170-171*, 
175*.  177*,  178*;  function  of, 
172*-173* 

Fluorine,  in  human  body,  55 
Fly,  gall,  184;  house,  132-133*,  134, 
153,  183,  276*;  ichneumon,  184, 
275*;  lace-winged,  184 
Flycatcher,  7*,  11 
Follicle,  egg,  183 

Food,  manufacture  by  green  plants, 
36-37,  39-41;  defined,  51-57; 

classes  of.  58-66;  effect  of  heating, 
63*;  selection  of,  66-70;  fuel 
value  of,  68-69;  digestion  of,  75- 
79*,  76;  distribution  of,  83-88; 
energy  from,  88-97;  as  affecting 
growth,  141*-144*;  present  in 
water,  196*;  struggle  for,  240-241, 
242;  cycle,  243-244*;  materials 
for  domestic  plants,  319-326; 
materials  for  domestic  animals. 
326-330 

Foot,  of  clam,  15*;  of  moss,  169* 
Forest  Experiment  Stations,  334 
Forest  fires,  331,  332,  335,  336* 
Forest  products,  331 
Forest  Products  Laboratories,  334 
Forest  Service,  Dominion,  334 
Forestry  Association,  Canadian,  336 
Forests,  destruction  of,  330-331, 
332-336;  value  of,  331-332*;  con- 
servation of,  334*-335* 

Fossils,  kinds  of,  229*-230*,  231*, 
232*;  formation  of,  230*-231; 
location  of,  231-233;  story  of  past 
told  by,  233*-236*,  234*,  235*, 
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252,  255-256 
Fox,  188,  259 
Foxtail  grass,  342 

Frog,  food-getting  methods  of,  8; 
food-getting  structure  of,  11*; 
breathing  of,  91 ; removal  of 
waste  materials  in,  99;  growth  of, 
131  *-132*;  life  span  of,  140; 
parental  care  by,  181-182;  rate 
of  reproduction  of,  241 ; protective 
coloration  of,  225*;  bull,  258*; 
leopard,  258* 

Frond, 288* 

Frost-pocket,  311* 

Fruit,  size  of  trees,  129,  130;  mean- 
ing of,  173;  examples  of,  173; 
value  of  to  seed,  173-174 
Fruit-growing,  379-382 
Fuel  value,  of  food,  68-69 
Fungi,  44*,  333,  349*-350 
Fur  fanning,  339 

Gall  bladder,  86* 

Gall  flies,  184 
Game  preserves,  339 
Gametes,  166*-167* 

Gametophyte,  287* 

Ganglia,  in  grasshopper,  270*,  271; 
in  crayfish,  272* 

Gas  bladders,  of  water  animals, 
201*,  203,  207,  209 
Gastric  juice,  78 
Gastrulation,  135-136* 

Gazelle,  224 
Geese,  137,  140,  186* 

Gene,  explained,  366 
Genus,  explained,  277 
Geographic  distribution  of  animals, 
195,  248-252,  249*,  250*;  of 
plants,  195,  253,  254-255 
Geranium,  162,  379 
Germ  layers,  135-136* 

Germinal  disc,  134,  135,  136* 
Germination,  of  bean,  115*,  116- 
118*;  of  corn,  115,  116*-117,  119* 
Gestation,  137 
Gila  monster,  227* 

Gill  pouch,  281  *-282 

Gills,  of  clam,  15*;  of  fish,  94*,  95; 


of  tadpole,  132;  of  crayfish,  272* 
Gizzard,  of  chicken,  81*;  of  earth- 
worm, 85* 

Glands,  function  of  digestive,  77*; 
salivary,  78*;  gastric,  78-79*; 
pancreatic,  78,  79*;  sweat,  100, 
101*;  endocrine,  144-145;  thy- 
roid, 145;  pituitary,  146* 

Glass  snake,  161 
Glycogen,  59 

Goat,  teeth  of,  61*;  gestation  period 
of,  137 

Golden  Delicious  apple,  371* 
Gooseberries,  379 
Gopher,  219 
Gourd  family,  260* 

Grading,  in  animal  breeding,  390*, 
391 

Grafting,  299*,  380*-382* 

Grapes,  379 

Grasshopper,  food-getting  struc- 
tures of,  18*;  growth  of,  133-134*; 
parental  care  by,  182;  number  of 
eggs  of,  183;  as  pest,  346-347; 
anatomy  of,  268*-27l;  compared 
with  crayfish,  272-274;  classifica- 
tion of,  276 
Greeks,  152 
Green  Gage  plum,  384* 
Greenhouses,  314,  315 
Green  manuring,  322 
Green  plant,  as  a food  factory,  36- 
37,  39-41,  109 

Growth,  and  food,  50*,  54*;  and 
vitamins,  62,  63;  general  discus- 
sion of,  104-107;  by  accretion, 
108;  of  cells,  109*,  110*,  111*- 
112;  of  seeds,  115*,  116*,  117*, 
118*,  119;  of  plants,  121-129;  of 
frog,  131*-132*;  of  insects,  132- 
134*;  of  chicken,  735-136*;  of 
man,  138*-139;  regulation  of, 
140-149;  proper  soil  moisture  for, 
304-310;  proper  soil  temperature 
for,  310-312;  proper  conditions 
above  soil  for,  312-316;  proper 
materials  in  soil  for,  319-326; 
proper  materials  for  domestic 
animals,  326-330 
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Guard  cells,  28*,  29* 

Guinea  fowl,  137 

Guinea  pig,  life  span  of,  140;  color 
inheritance  in,  366*-367 
Gypsy  moth,  333* 

Gymnosperms,  288,  289* 

Habitat,  general  types  of,  191-192*, 
252-253;  conditions  present  in 
water,  196*-203,  197*,  198*,  199*. 
200,  201*,  202*;  conditions  pres- 
ent in  land,  211-213,  212* 
Hair-cap  moss,  286* 

Hairy  mammoth,  230,  248,  249* 
Hand,  development  of  bones  in 
child’s  138*;  homology  in  man’s  , 
280 

Hatchetfish,  208* 

Haustoria,  44* 

Hawk,  194 
Hay,  305-306 
Hayweed,  265 

Health,  effect  of  drugs  on,  147-148; 
Hearing,  organs  of  in  grasshopper, 
269 

Heart,  structure  of  92*,  93*,  94; 
of  grasshopper,  270*;  of  crayfish, 
272* 

Heat,  as  a form  of  energy,  36,  90; 
vitamins  destroyed  by,  63*,  64; 
produced  by  germinating  seeds, 
117;  amount  needed  to  increase 
soil  temperature,  310;  effect  of 
on  germination,  310-311 
Hemiptera,  276* 

Hemp,  215,  343 
Herbivorous  animals,  80* 

Heredity,  362*-372 
Herefords,  389* 

Hibernation,  97 
High-holer,  265* 

Hilum,  1 13* 

Hippopotamus,  137 
Hogs,  ton-litter  of,  300*;  housing 
of,  318*;  rations  for,  327;  Euro- 
pean wild,  358*;  models  for 
grading,  359*.  See  also  Pig. 
Hogweed,  264*,  265 
Holdfast,  111* 


Homology,  280*-282 
Honeybee,  metamorphosis  of,  132- 
133*,  134;  parental  care  by,  183*; 
classification  of,  275 
Hooke,  Robert,  71 
Hookworm,  283 
Hormones,  145 

Horse,  food-getting  structures  of, 
12;  gestation  period  of,  137;  life 
span  of,  140;  reproduction  in, 
180;  primitive,  234*;  feeding  of, 
327,  329 
Horsetails,  287* 

Hotbeds,  314,  315* 

House  fly,  metamorphosis  of,  132- 
134;  breeding  habits  of,  153,  183; 
classification  of,  276 
Housing,  of  animals,  316*-318* 
Hudsonian  red  squirrel,  278*,  279 
Hummingbird,  194* 

Humus,  302,  323 
Hunger,  effects  of,  45-50 
Hybrid,  explained,  368;  mule  as  a, 
363*;  walnut  tree,  386*;  corn, 
360*,  387* 

Hybridizing,  of  animals,  387,  388- 
391;  of  plants,  360*,  387*-388 
Hydra,  food-getting  structures  of, 
3*,  14-15;  digestive  system  of, 
84-85*;  growth  and  cell  division 
in,  111;  differentiation  of  cells  in, 
111;  reproduction  by  budding  of, 
158*;  regeneration  in,  161;  re- 
production by  sperm  and  egg 
cells,  178;  classification  of,  283 
Hydrogen,  element  in  water,  37- 
38*;  properties  of,  39;  in  human 
body,  55-56*;  in  protein,  58 
Hydrophytes,  204*,  205*,  206* 
Hymenoptera,  explained,  275,  276* 
Hyphae,  43 

Hypocotyl,  113*,  114*,  115*,  118 

Ichneumon  fly,  184,  275* 

Illinois  Agricultural  Experiment 
Station,  corn  oil-content  experi- 
ment, 376 

Imago,  of  Cecropia  moth,  106*;  of 
other  insects,  133* 
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Imbibition,  29-30,  88 
Imprint,  fossil,  230,  231* 
Incubation,  meaning  of,  135;  of 
chicken,  135;  of  birds,  137,  185- 
186 

Indian  pipe,  43* 

Infancy,  length  of  periods  of,  189- 
190 

Inoculation,  for  hog  cholera,  352- 
353* 

Insecta,  explained,  274 
Insects,  air-pipe  system  of,  95*-96; 
metamorphosis  of,  132-133*; 
periods  of  development  of,  134; 
and  pollination,  178*,  248*; 

parental  care  by,  182  *-184*, 
183*;  as  enemies  of  man,  333; 
classification  of,  2 75 *-278;  con- 
trol of  injurious,  344*-348*,  351 
Instinct,  and  parental  care,  188-189 
Internodes,  118*,  121,  122,  123 
Intestinal  juice,  78 
Intestines,  in  digestion,  80-81;  of 
plant-eating  animals,  82;  of 
chicken,  83*;  of  earthworm,  85*; 
of  man,  86*-87*;  of  grasshopper, 
270*;  of  crayfish,  272* 

Iodine,  percentage  in  human  body, 
55;  use  in  human  body,  60 
Iron,  an  element,  37;  percentage  in 
human  body,  55;  use  in  body,  60 
Irrigation,  304* 

Jackal,  259 

Jack-in- the-pulpit,  261* 

Jaguar,  225 

Jaws,  of  ant-eater,  10*;  of  sheep, 
11;  of  cow,  12;  of  snake,  16;  of 
goat,  61*;  of  deep-sea  fish,  202*, 
208* 

Jellyfish,  206,  207*,  283 
Jugular  vein,  87 
June  beetle,  276* 

Jute,  215 

Kangaroo,  137,  219,  250* 

Katydid,  225 
Kelps,  286 
Kidneys,  100,  101 


Kingfisher,  4 

Kinship,  explained,  259-260;  be- 
tween grasshopper  and  crayfish, 
268-273;  determination  of,  279, 
282,  292-294 
Koala,  250 
Korsmo,  341 

Lace- winged  fly,  184 
Lacteals,  87* 

Lamarck,  Jean,  372 

Language,  importance  of  to  man.  21 

Larvae,  7,  106*,  133*,  183* 

Layering,  380 

Lead,  weight  of  in  water,  200 
Leaf,  structure  of,  28*,  35*-36; 
veins  of,  32,  33*;  manufacture 
of  carbohydrates  by,  34,  36,  39- 
40;  system  of  young  plants,  118, 
119,  121*,  122*;  of  water  plants, 
204-206*;  devices  to  prevent 
evaporation  from,  2 13*-2 14 ; of 
xerophytes,  216*-217*;  of  meso- 
phytes,  217;  of  monocotyledons 
and  dicotyledons,  289 
Leech,  284 

Legumes,  as  fertilizer,  322;  and 
acid  soil,  324 
Lemming,  226-227 
Lemons,  246,  314 
Lenticel,  96* 

Leopard,  219,  224*,  225 
Leopard  frog,  metamorphosis  of, 
132;  classification  of,  258* 
Lepidoptera,  276* 

Lice,  classification  of,  276*;  animal, 
351 

Lichens,  286 

Life  history,  of  frog,  132*;  of  in- 
sects, 132-133*,  134*;  of  malaria 
parasite,  160 

Life  spans,  of  animals,  139-140 
Light,  in  photosynthesis,  34,  36;  as 
a form  of  energy,  90;  penetration 
of  in  water,  202-203;  effect  of 
upon  plant  distribution,  253*-254 
Lilac,  cross-section  of  leaf  of,  35* 
Lily,  parts  of  flower,  155*,  170-171; 
reproduction  in,  1 72*-l 73 
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Lime  spreader,  324* 

Limestone,  324 
Linne,  Karl  von,  266* 

Linnaean  system,  259-260,  266 
Lion,  food-getting  structures  of, 
17*;  digestive  system  of,  82;  life 
span  of,  140;  coloration  of,  224 
Lipase,  78 

Liver,  59,  78,  86*,  100 
Liver  fluke,  283 
Liverworts,  286 
Lizard,  221,  235 
Llama,  195*,  248-249 
Lobster,  food-getting  structures  of, 
15,  248*;  breathing  of,  95; 

classification  of,  273,  274 
Locust,  “seventeen-year,”  134; 

classification  of,  276,  277*-278 
Lungs,  91*,  92* 

Lymph,  87* 

Lymphatics,  93* 

Machinery,  and  man’s  food  supply, 
21* 

Maggots,  152-153 
Magnesium,  in  human  body,  55 
Maine  Agricultural  Experiment 
Station,  378 
Malarial  fever,  160 
Male,  in  reproduction,  179 
Malpighian  tubes,  270*,  271 
Mammals,  teeth  of,  80*;  breathing 
of,  91;  growth  limits  of,  139; 
reproduction  in,  180;  placental, 
251;  classification  of,  284 
Mandibles,  of  clam,  15;  function  of 
in  digestion,  80;  of  grasshopper, 
268*,  269;  of  crayfish,  271,  272* 
Manure,  and  soil  temperature,  311, 
315;  as  a fertilizer,  321-323 
Marine  snail,  fossil,  230* 

Marine  worm,  breathing  of,  95 
Marsupial,  250*-252 
Martin,  bird,  186 

“Mass”  selection,  of  plants,  378; 
of  animals,  378 

Maxillae,  of  grasshopper,  268*,  269; 

of  crayfish,  271-272* 

Maxillipeds,  272* 


Medullary  ray,  124* 

Melanoplus,  277*-278 
Melons,  260* 

Mendel,  Gregor,  367*-368 
Mendelian  Law,  explained,  368 
Mesophyll,  35* 

Mesophytes,  216,  217 
Mesquite  bush,  217 
Metabolism,  122 
Metamorphosis,  131*-134* 
Meteorological  Service,  Dominion, 
313 

Mice,  field,  245 

Michigan,  geological  features  of, 
233 

Microorganisms,  in  pond  water, 
xvi* 

Micropyle,  113*;  116 
Microscope,  early  use  of,  71;  value 
of  to  science,  152,  154 
Migratory  Birds  Convention  Act, 

338 

Mildew,  44,  159-160 
Milk,  effect  of  upon  growth,  141*, 
142*,  143*;  pasteurization  of,  355 
Mimicry,  227-228* 

Minerals,  as  food  materials,  58,  60- 
61*;  in  water,  198;  crop  require- 
ments of,  320 
Mites,  351 

Mixed-breeding,  390 
Moisture,  devices  to  prevent  loss 
of  in  plant,  213*-214;  structures 
to  prevent  loss  of  in  animals,  218, 
and  plant  distribution,  254*. 
See  also  Water  and  Humidity. 
Mold,  bread,  43;  other  kinds  of,  43; 
reproduction  in,  159;  classifica- 
tion of,  286 
Mold,  fossil,  229*,  230 
Mole,  18-19,  80*,  219* 

Mollusca,  characteristics  of,  284* 
Mollusks,  292 

Monarch  butterfly,  228*,  276* 
Mongrel,  391 
Monkey,  219 

Monocotyledons,  group  of  plants, 
115;  growth  in  length  of  stem  of, 
122;  structure  of  stem  of,  125- 
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126*;  rate  of  growth  and  size  of, 
128;  characteristics  of.  289,  290* 
Morning-glory,  171*,  217 
Mosquito,  metamorphosis  of,  132- 
133*;  period  of  development  of, 
134;  and  malarial-fever  parasite, 
160;  eggs  of,  240;  classification 
of,  276 

Mosses,  reproduction  in,  169*- 170; 

classification  of,  286* 

Moth,  metamorphosis  of  Cecropia, 
106*;  metamorphosis  of,  132-133; 
development  of  gypsy,  134; 
clothes,  133*;  hawk,  184*;  classi- 
fication of,  276 

Moulting,  of  grasshopper,  268;  of 
crayfish,  271,  272 
Mountain  goat,  219 
Mouth,  of  paramecium,  14*;  of 
earthworm,  15*,  85*;  of  grass- 
hopper, 270*;  of  crayfish,  272* 
Mulch,  308,  309*,  311 
Mule,  breeding  of,  363 
Muscles,  of  stomach,  80-81*;  use 
of  in  breathing,  91 
Mushroom,  42-43,  159,  286 
Muskmelon,  260* 

Mutant,  370*-371*.  385 
Mycelium,  43,  159* 

Mycterosaurus,  280 

Narcotics,  147 

National  Parks  Bureau,  and  con- 
servation of  wild  life,  337 
Nemathelminthes,  283 
Nervous  system,  effect  of  drugs 
upon,  147;  of  grasshopper,  270*, 
271;  of  crayfish,  272 
Nest,  eagle,  4*;  warbler,  50*,  187*; 
alligator,  181*;  wasp,  183*; 
Canada  goose,  186* 

Nitella,  72* 

Nitrogen,  percentage  in  human 
body,  55-56*;  element  in  protein, 
58;  crop  requirements  of,  320;  as 
a fertilizer,  321,  322 

Nitrogen-fixing  bacteria,  45* 

Nodes,  121,  123* 

Notochord,  284 


Nucleus,  of  paramecium,  14*;  of 
cell,  71,  72,  73*;  of  amoeba,  84*; 
division  of,  109* 

Nutritive  ratio,  327-328 
Nymph,  of  grasshopper,  133-134* 

Oak,  6*,  129,  174*,  213,  262 
Oats,  water  requirements  of,  305; 

mineral  requirements  of,  320 
CEdogonium,  166-167* 

Omasum,  82* 

Omnivorous  animals,  20,  80* 

Onion,  28*,  72*,  163* 

Opossum,  189*,  219,  250,  252 
Orange,  246,  314* 

Orchid,  214* 

Order,  explained,  275 
Orthoptera,  276* 

Osmosis,  defined,  26;  in  root  hairs, 
26*- 27;  value  of  in  plants,  29,  30, 
32 ; in  hyphse,  43 ; in  digestion,  87 ; 
in  removal  of  waste  materials, 
99,  101;  in  germination,  116,  117 
Osmotic  pressure,  29,  30,  88 
Otter,  4 

Ovary,  of  flower,  170- 173 
Oviparous  animals,  meaning  of,  131 
Ovipositor,  277 

Ovule,  of  flower,  171*,  172*,  173 
Oxidation,  90-91,  98 
Oxygen,  in  water,  37-38*;  prop- 
erties of,  39;  per  cent  of  in  human 
body,  55-56*;  in  protein,  58;  use 
of  bv  organisms,  91-92,  94*,  95*- 
96*  ' 

Paleontologist,  229 
Palisade  cells,  35* 

Pancreas,  78,  79*,  86* 

Paramecium,  food-getting  methods 
and  structures  of,  13-14*,  72*; 
function  of  cell  of,  73-74;  diges- 
tion in,  77;  removal  of  waste 
materials  in,  98;  rate  of  growth 
of,  139;  reproduction  in,  157*, 
167*;  classification  of,  282 
Parasite,  44 
Parenchyma,  125,  126* 

Paris  green,  347 
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Passenger  pigeon,  336,  337* 
Pasteur,  Louis,  154* 

Peach,  174*,  295 
Pear,  174*,  295 
Pearl  divers,  202 

Peas,  unit  characters  of,  364-365, 
367-369 

Pedigree  system,  389,  391 
Pelican,  156*,  194* 

Peppers,  315 
Pepsin,  78 

Perennials,  meaning  of,  127;  rate 
of  growth  and  size  of,  128,  129 
Period  of  gestation,  meaning  of, 
137;  of  viviparous  animals,  137 
Period  of  incubation,  meaning  of, 
135;  of  chicken,  135 ; 
of  birds,  137 
Petiole,  100 

Pharynx,  of  earthworm,  15*,  85* 
Pheasant,  140 
Phloem,  124* 

Phosphorescent  organs,  202*,  208*, 
209 

Phosphorus,  percentage  of  in  human 
body,  55;  in  protein,  58;  in  build- 
ing of  teeth  and  bones,  60,  61*; 
as  a fertilizer.  320,  321,  323* 
Photosynthesis,  36,  39-40 
Phyla,  characteristics  of  major 
animal,  282-284;  of  plants,  285, 
290;  chart  of  animal,  293 
Phylloxera,  381 
Phylum,  explained,  273-274 
Pig,  food-getting  structures  of,  18; 
and  lack  of  vitamin  D,  65*;  and 
growth,  107*;  gestation  period  of, 
137;  life  span  of,  140;  embryo  of. 
281.  See  also  Hogs. 

Pigeon,  137,  140,  336,  337* 

Pike,  140 

Pine,  128,  129,  174*,  289 
Pistil,  170,  171*,  172* 

Pistillate  flowers,  177* 

Pitch,  331 

Pith,  of  flower  stem,  31*;  of  stem 
of  tree,  124*;  of  corn  stem,  126* 

Pituitary  gland,  146* 

Placenta,  252 


Placental  mammals,  251,  252 
Plant-lice,  276* 

Plasma  membrane,  of  root  cells, 
26;  of  animal  cells,  72;  absorption 
of  foods  through,  75 
Platyhelminthes,  characteristics  of, 
283 

Pleurococcus,  1 10*-  111,  157 
Plowing,  as  conserving  moisture, 
306*,  308 

Plum,  174*,  305*,  384* 

Plumule,  113*,  114*,  115*,  117,  118 
Polar  bear,  195,  219 
Pollen,  171*,  172*,  173*,  288,  289* 
Pollination,  meaning  of,  172*;  ad- 
vantages of  cross-,  175-176*;  and 
insects,  245 

Polytrichum  juniperinum,  286* 
Pop-corn,  295 

Poplar,  leaf  of,  33*;  buds  of,  122*; 
rate  of  growth  and  size  of,  128; 
flowers  of,  178;  aspen,  253* 
Porcupine,  80*,  219,  220* 

Porifera,  282-283,  292 
Potassium,  percentage  of  in  human 
body,  55;  as  a fertilizer,  321-323 
Potato,  regeneration  in,  162*-163; 
and  potassium  chloride,  323; 
tuber  worm,  344 

Poultry,  housing  of,  316-318*; 

breeding  of,  378 
Prawn,  273 
Praying  mantis,  276 
Prehistoric  life,  229*-235*,  231*, 
232*,  233*,  234*,  235* 

Primary  roots,  115*,  116*,  118,  119, 
126-127 

Primitive  man,  20*-21 
Proboscis,  16* 

Progeny  performance,  of  animals, 
378 

Properties,  meaning  of,  37 
Protective  coloration,  212*,  224*, 
225*,  226*,  227 

Proteins,  manufacture  of  by  plants, 
23,  40;  as  a class  of  food,  33,  58*; 
composition  of,  40,  58;  uses  of 
by  body,  58,  63*;  source  of 
energy,  58;  sources  of,  58*; 
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digestion  of,  78;  and  growth, 
142-143* 

Protonema,  169*,  170 
Protoplasm,  living  material  of 
plants  and  animals,  58,  71; 

manufacture  of  new,  109,  112,  117 
Protoplasma,  71 
Protozoa,  282,  292 
Pruning,  312*-313* 

Ptarmigan,  226* 

Pteridophytes,  287 *-288* 
Pterodactyl,  280* 

Ptyalin,  78 
Puffballs,  42-43 

Pulmonary,  artery,  92*;  vein,  92* 
Pumpkin,  260*,  295 
Pupa,  106*,  133*,  183* 
Pure-breeding,  389*,  390*,  391* 
Pyrus,  295 
Python,  19* 

Quack  grass,  342,  343 
Quail,  187 

Quarantine,  of  animals,  499 
Quartz,  302 
Queen  bee,  183* 

Quicklime,  324 
Quince,  295 

Rabbit,  life  span  of,  140;  reproduc- 
tion in,  180;  parental  care  by, 
187-188,  241*,  219;  protective 
coloration  of,  212*;  embryo  of, 
281* 

Raccoon,  80*,  188*,  219 
Radial  symmetry,  282-283 
Radiant  energy,  315 
Radicle,  115*,  117,  118 
Radish,  315 
Ragweed,  264*,  265 
Rainfall,  309,  331-332 
Rambouillet  sheep,  377*-378 
Rana,  catesbiana,  258*;  pipiens, 
258* 

Rat,  gestation  period  of,  137; 
growth  as  affected  by  diet,  141*- 
143* 

Rat  kangaroo,  250 
Rattlesnake,  241* 


Receptacle,  of  flower,  173 
Recessive  character,  367 
Redi,  Francesco,  153 
Red-legged  locust,  277*-278 
Reforestation,  335* 

Regeneration,  of  missing  parts,  157- 
158,  160-162,  379-382 
Rejuvenation,  167 
Reproduction,  necessity  for,  155, 
156;  asexual,  157*-165*;  sexual, 
1 66*- 1 80* ; in  ferns,  287*-288*;  in 
angiosperms,  288;  in  gym- 
nosperms,  288,  289* 

Reptiles,  181-182,  210,  234,  235*, 
284 

Resin,  in  leaves,  214 
Respiration,  measurement  of,  67*; 
meaning  of,  100;  of  seeds,  116- 
117;  heat  produced  by,  117 ; in 
grasshopper,  269*,  270*-271;  in 
crayfish,  272* 

Respiration  calorimeter,  67* 
Respiratory  system,  parts  of,  91*; 

as  affected  by  drugs,  147 
Rest,  value  of,  148 
Restricted  Area  Plan,  of  tuber- 
culosis control,  354 
Resurrection  plant,  216-217 
Reticulum,  82* 

Rhizome,  163*,  164 
Ribs,  use  of  in  breathing.  91 
Rice,  and  beri-beri,  62 
Rickets,  65* 

Robber  fly,  227 
Robin,  7,  137,  186,  194* 

Rock  layers,  formation  of,  231-232; 

data  shown  by,  232-234,  252 
Rocky-mountain  locust,  277*-278 
Roman  wormwood,  265 
Roots,  structure  of,  24*-25*,  126, 
127*;  osmosis  in,  26- 27;  primary 
115*,  118,  119,  126,  127;  second- 
ary, 115*,  118*,  126;  lateral,  119*; 
adventitious,  127;  rate  of  growth 
and  size  of,  129;  of  water  plants, 
205*;  aerial,  214*;  of  xerophytes, 
217;  of  mesophytes,  217 
Root  cap,,  126,  127* 

Root  hairs,  24*-25*,  26-27,  127*,  214 
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Rotation,  of  crops,  324-326 
Rumen,  82* 

Runners,  164,  165* 

Rust  Research  Laboratory,  Domin- 
ion, and  development  of  rust- 
resistant  wheats,  350 
Rusts,  44,  159,  349-350 
Rye,  322 

Saber-tooth  tiger,  248,  249* 
Salamander,  eggs  of,  152* 

Saliva,  76,  77,  78 
Salivary  glands,  78* 

Salmon,  140,  185* 

Salt,  39,  60 
Sandworm,  284 

Sap,  26,  27,  29,  30*,  31*,  32,  88 

Saprophytes,  43* 

Sarcode,  71 

Scarab  beetle,  183-184 

Schleiden,  Matthias  Jacob,  71 

Schultze,  71 

Schwann,  Theodor,  71 

Scion,  381 

Scurvy,  64 

Sea-anemone,  adaptation  to  water 
habitat,  198*;  classification  of, 
283 

Sea-cucumber,  161,  283* 

Sea  gull,  247 
Sea  horse,  201* 

Sea  urchin,  161,  283 
Secondary  roots,  115*,  118* 
Sedimentary  rock,  231 
Seed,  parts  of,  113*- 114*;  steps  in 
germination  of,  115*,  116*- 119*; 
value  of  fruit  to,  173;  and  cross- 
pollination, 175;  number  of  weed 
in  soil,  239;  adaptations  of  to 
land  habitat,  215;  testing  lab- 
oratories, 343 
Seed  drill,  298 

Seed  plants,  development  of,  127; 
parts  of  flowers  of,  170-171*-, 
reproduction  in  ,172*- 174;  classi- 
fication of,  288 

Seedling,  root  system  of,  118*-119* 
Segmentation,  135 
Senescence,  139 


Sense  organs,  of  animals  as  an  aid 
to  food-getting,  17-18* 

Sepals,  171* 

Sequoia,  129*,  130 
Serum,  352-353* 

Setae,  of  moss  plants,  169* 

Sexual  reproduction,  described,  165; 
compared  with  asexual  reproduc- 
tion, 165;  of  plants,  166*- 1 67*, 
168*-1 78*,  170,  171*;  of  animals, 
167*- 1 68,  178-180*;  significance 
of,  168-169,  175-176 
Sheep,  food-getting  methods  of,  7- 
8;  food-getting  structures  of,  11- 
12,  81;  stomach  of,  82*;  gestation 
period  of,  137;  life  span  of,  140; 
Rambouillet,  377*;  grading  of, 
390* 

Sheep  sorrel,  342 
Shield  bug,  276* 

Shoot,  parts  of,  120-722* 

Shorthorn  cattle,  388 
Sieve  tubes,  126 

Sight,  as  an  aid  in  food-getting,  17- 
18* 

Silicon,  in  human  body,  55 
Silk,  of  corn,  175,  387 
Silt,  nature  of,  experimentally  ascer- 
tained, 302 

Sinuses,  of  grasshopper,  270*;  of 
crayfish, 272* 

Siphons,  of  clam,  15*,  179-180 
Sire,  389 

Skeleton,  of  jellyfish,  206;  homology 
as  demonstrated  by  the,  280*,  281 
Skin,  cell  of,  74*;  as  excretory 
organ,  99,  100,  101*;  structure 
of,  101*;  of  land  animals,  218 
Skull,  of  lizard,  280*;  of  mycte- 
rosaurus,  280* 

Skunk,  221,  339 
Slaked  lime,  324 
Smell,  sense  of,  in  dogs,  18* 
Smother  crops,  and  weed  control, 
343 

Smuts,  44 
Snail,  220,  284* 

Snake,  food-getting  structures  of, 
16*,  19*;  gestation  period  of 
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black,  137 ; rate  of  growth  of,  139; 
regeneration  in  glass,  161;  pro- 
tective structures  of,  221;  warn- 
ing coloration  of,  227 
Snowshoe  rabbit,  212* 

Sodium,  39,  55 
Sodium  fluoride,  351 
Sodium  nitrate,  322 
Soil,  as  source  of  raw  materials  for 
plants,  23*,  24;  properties  of, 
212-213;  kinds  of  and  plant  dis- 
tribution, 255;  nature  of,  301- 
304;  air  content  of,  303-3 04; 
problems,  in  preparing  of,  304; 
providing  moisture  for,  304-310; 
providing  proper  temperature 
for,  310-312;  fertilizing  of,  319- 
326;  cause  of  acid,  323-324;  insect 
control  through  management  of, 
344-349 

Solomon’s  seal,  163*,  164 
Somite,  268,  269*,  271* 

Soy  bean,  322*,  324 
Spawning,  185 
Species,  explained,  277-278 
Sperm  cell,  167*,  169*,  287 
Spermatophytes,  characteristics  of, 
288-290 

Spider,  food-getting  methods  of, 
9*-10;  food-getting  structure  of, 
11;  parental  care  by,  184*-185; 
protective  structures  of,  221; 
classification  of,  273 
Spider  lily,  365 
Spiracles,  95*,  269* 

Spirogyra,  structure  of  cells  of,  72*-, 
cell  division  in,  111*-,  reproduc- 
tion in,  168* 

Spleen,  86* 

Sponge,  161,  197* 

Spongy-tissue  cells,  35* 
Spontaneous  generation,  152-154 
Sporangia,  of  bread  mold,  159*;  of 
fern,  288*,  364* 

Spores,  of  bread  mold,  159*;  of 
powdery  mildew,  159-160;  of 
amoeba,  160*;  of  malarial-fever 
parasite,  160;  of  fern,  287*-288* 
Spraying,  347*-348* 


Spring  wood,  125 
Spruce,  333,  334* 

Spruce  bud-worm,  333 
Squash,  260* 

Squirrel,  food-getting  structures  of, 
81;  as  aid  in  plant  distribution, 
219;  Southern  Hudsonian  red, 
278*,  279 

Stamen,  170,  171*,  172* 

Staminate  flowers,  177* 
Stammerwort,  264*,  265 
Starch,  manufacture  of  by  plants, 
23,  33,  34,  36,  39-40*;  test  for, 
34,  76;  storage  of  in  plant  cells, 
40*,  75;  sources  of,  59*;  digestion 
of,  76- 79 

Starfish,  160-161*,  181-182,  283 
Steam  engine,  human  body  com- 
pared with,  51.  52,  53,  89-91,  98 
Stems,  structures  of  for  carrying 
food,  30*,  31*,  32;  growth  in 
length  of,  122-123;  structure  of 
dicotyledonous,  124*- 125*;  struc- 
ture of  monocotyledonous,  125- 
126*;  of  water  plants,  205,  206* 
of  land  plants,  214-215 
Stem  rust,  control  of,  349-350* 
Stickleback,  185 
Stigma,  170,  172*,  175* 

Stimulants,  147 
Stock,  in  grafting,  381 
Stomach,  muscles  of,  80-81*;  of 
sheep,  82*;  of  chicken,  83*;  of 
man,  86*;  of  grasshopper,  270*; 
of  crayfish,  272* 

Stomata,  28*,  29*,  35*,  39,  96 
Strains,  of  cattle,  388,  389* 

Strata,  formation  of  rock,  231-232; 

data  shown  by  rock,  232-234,  252 
Strawberry,  164,  309* 

Struggle  for  existence,  195,  236-237 
Style,  1 70,  171*,  172* 

Sugar,  manufacture  of  by  plants, 
23,  34,  36,  39-40;  test  for,  34,  76; 
elements  in,  37-38;  sources  of, 
59*;  digestion  of,  78 
Sugar  beet,  323 

Sulphur,  in  human  body,  55;  ele- 
ment in  protein,  58 
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Summer  wood,  125 
Sun,  as  source  of  energy,  36,  39, 
53*,  90;  and  vitamin  D,  64-65 
Sunflower,  28*,  370 
Supervised  Herd  Plan,  of  tuber- 
culosis control,  354 
Swan,  137,  140 
Sweat  glands,  100,  101* 

Sweet  potato,  regeneration  in,  162 
Swimmerets,  272* 

Symmetry,  radial,  283;  bilateral, 
283 

Systema  Naturae,  266 

Tadpole,  131*-132* 

Tails,  adaptation  in,  219-220 
Tankage,  322 
Tansy,  265 
Tapeworm,  283 
Taproot,  126,  129 
Tasmanian  devil,  250 
Teeth,  of  sheep,  12;  of  cow,  12;  of 
lion,  17;  of  snake,  16*;  foods 
necessary  for  building  of,  60,  61*, 
64,  141*,  142*;  in  digestion,  80* 
Temperature,  destruction  of  vita- 
mins by  high,  63;  of  water,  201, 
202;  of  air,  212;  effect  of  on  plant 
distribution,  254;  control  of  soil, 
310-  311;  protection  of  plants 
against,  313-314 

Tentacles,  of  hydra,  3*,  14,  85*;  of 
jellyfish,  207* 

Terminal  bud,  121*,  122,  123* 
Thallophytes,  characteristics  of, 
285*-286 

Thermotropism,  207 
Thistle,  342* 

Thoracic  duct,  87 
Thorax,  268*,  269 
Thrasher,  194* 

Thyroid  gland,  145 
Thyroxin,  145 
Tick,  182*.  351 

Tiger,  life  span  of,  140;  adaptation 
in,  192-193;  protective  coloration 
in,  224;  saber-tooth,  248,  249* 
Tiger-beetle  larva,  8-9* 

Tile,  drainage  by,  309-310 


Tissue,  defined,  73 
Toad,  breathing  of,  91 ; metamor- 
phosis of,  132;  life  span  of,  140 
Tobacco,  effect  of  on  body,  147 ; 

and  potassium  chloride,  323 
Tomato,  60,  128,  315 
“Ton-litter,”  300* 

Tortoise,  140 

Touch,  as  an  aid  in  food-getting,  18 
Trachea,  of  man,  92*;  of  beetle, 
95*;  of  grasshopper,  269*,  270, 
271 

Tracheids,  215 
Tracheal  tubes,  30 
Tradescantia  virginica,  365* 

Trees,  parts  of  shoots  of,  121*- 122; 
growth  in  length  of  stems  of, 
122-123;  structure  of  stems  of, 
124*,  125*;  growth  in  diameter 
of,  124-125*;  root  systems  of, 
126-127 ; growth  and  size  of  stems 
of,  128,  129*;  growth  and  size  of 
roots  of,  129 
Tree  frog,  226* 

Trichina,  283 
TrUlium,  290* 

Trout,  effect  of  diet  upon  growth  of, 
143,  144*;  eggs  of  brook,  179* 
Trypsin,  78 

Tuber,  potato,  162*-163,  164 
Tuberculin  test,  353,  354* 
Tuberculosis,  bacteria,  45*;  in 
livestock,  353-355 
Tumbleweed,  342 
Turnip,  162 
Turpentine,  331 
Turtle,  91,  180*,  220,  281* 

Tussock  caterpillar,  263* 

Typhoid  fever,  45* 

Uintatherium,  234* 

Ulothrix,  111*,  166* 

Ultra-violet  rays,  317 
Underground  stems,  162*,  163*, 
164* 

Unit  characters,  364*-369 
University  of  Saskatchewan,  and 
development  of  Apex  wheat,  350* 
Urea,  100 
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Vacuoles,  14*,  73*,  84* 

Variation,  cross-pollination  and, 
176*,  177;  general  discussion  of, 
362-372 

Vegetables,  out-of-season  growth 
of,  315 

Veins,  of  leaf,  32,  33*;  of  man,  86, 
87,  92* 

Venae  cavae,  92* 

Ventilation,  316-317* 

Ventricles,  92,  93* 

Vermiform  appendix,  86* 
Vertebrates,  stages  in  growth  of, 
136-137;  fossils  of,  232*,  233*, 
234-235;  embryos  of,  281*,  282; 
classification  of,  284,  292 
Viceroy  butterfly,  228* 

Villi,  86-87* 

Vines,  128 
Virus,  352 

Vitamins,  56,  58,  61,  62-65 
Viviparous  animals,  meaning  of, 
131;  size  of  egg  cells  of,  134; 
periods  of  gestation  of,  137 
Von  Mohl,  71 
Vorticella,  282 

Walking  stick,  223*,  225 
Walnut  tree,  California  black,  386*; 

Persian,  384 
Warbler,  50*,  187* 

Warm-blooded  animals,  97 
Warning  coloration,  227* 

Wasp,  metamorphosis  of,  132-133; 
period  of  development  of  brown, 
134;  parental  care  by,  183*; 
protective  structures  of,  221; 
warning  coloration  of,  227;  classi- 
fication of,  275 

Waste  materials,  in  living  things, 
51;  kinds  of,  98;  removal  of, 
98-101 

Water,  absorption  of  by  roots,  26- 
27 ; minerals  in,  27*- 28 ; imbibition 
of,  29-3 0;  use  in  photosynthesis, 
36,  39,  40,  109;  composition  of, 
37-38*;  properties  of,  39;  as  a 


food,  58,  61;  uses  of  by  human 
body,  61,  101;  air  in,  94-95;  and 
germination  of  seeds,  116;  as  a 
habitat,  196-202;  plant  require- 
ments of,  305-306;  capillary,  304- 
308;  forests  and  conservation  of, 
331-332 

Water  hyacinth,  204-205* 
Water-lily,  204* 

Watermelon,  260*,  295 
Weasel,  226 
Weeds,  341-343 
Weevil,  346 
Whale,  137,  140,  280* 

Wheat,  root  system  of,  127,  129; 

fertilizer  requirements  of,  320 
White  ash,  123* 

White  blackberry,  383-385 
Wild  life,  protection  of,  336-339 
Wild  oat,  175*,  342 
Willow  tree,  regeneration  in,  162, 
379;  flowers  of,  177* 

Wind,  and  plant  distribution,  254- 
255 

Winged  fruits,  173,  174* 

Wisconsin,  349 
Wolf,  259 
Wombat,  250 
Wood,  124*,  125 
Wood  alcohol,  331 
Wood  ash,  323 
Woodpecker,  7*,  11,  265* 

World  War,  use  of  camouflage  in, 
223 

Xerophytes,  216*-217* 

Xylem,  124* 

Yeast,  structure  of,  43;  growth  of, 
110*;  reproduction  in,  158 
Yellow  hammer,  265* 

Yew,  size  of,  130 
Yucca  tree,  216* 

Zebra,  protective  coloration  of,  225 
Zoology,  137 
Zygote,  168 
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